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The present application is e continuation in n,^ . 
USSK 08/027,746 which is a continuation in part orassH 
07/926,666, which are incorporated herein by refe^Jcf 

BACaCGROOND OP THE INVENTION 

The present Invention relates to coiapositl«n« . ^ 

pathologic! sffa such vlr.1 «e«»„ ^ 
P«l=«l«, It provW«. novel peptide, cpefci, ^ 
selected ^Jor histocoi,,patlbUlty ccplex^mc. Li^, 
thducin, .„ l„un. response. ' ' 

■"'^•="1" el«««iti«d »s either C1.4. I „ 
C1..S II «,lecule.. SI... U H»C »lecul«i „i i^SiL 
prl«rlly on ceils l„voi«d in InltUtln, «d .u^!!!^ 

"acrophage., etc. Cla.. II Mac .olecule. .JTZ, 

ly-phoeyte. M«l amplification of the l«,„„e resDon«?r lu 
P.irti^l«: li^nogenic peptide that is d^l.^r "i T 
-ole^les are .^s«d on el^st all nucl^S^ ^iS^ 
recognized by cytotoxic T lymphocyte. (eTL.,!!!^ 1^ 
d.«:roy thi «ti,e,-be„i„, cell.. CTl. are »«^„f ^ 

U tumor rejection end in .ight^ ^^JtS^i 
a. cn. r^,„ ^ ^ th^ form lf i"ep«l • 

fragment to the »c cl... i molecule, ratter S!* ^ 

^:»:::ri^t^r::edrL rrara^:":tf - 

protein ai.i!<>;.. < Portion of t-ev 

protein antigen is degraded in*o mall peptide fr.<™^». 
the cytopi.«.. some of the« small peptld^t:!^^^!' j" 
• Pr.-Golgi compartment atfd interact wL cla^TTK 
to facilitate iiropsr folding and ...Jmi™ Wth LTuTf" 
" mlcroglohulin. The peptid.-»,c class i c^Z^l 7" 
routed to the eeli .„feee for expression aM^^tur™ 
recognition by specific cTL.. Potential 
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Investigations of the crystal structxire of the human 
MHC class I molecule, HIA-A2..1r indicate that a peptide 
binding gr ove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al.. Nature 
5 329:506 ( 1987). In these investigations, however, the 

identity of peptides bound to the groove was not determined. 

Buus et al». Science 242! 1065 (1988) first described 
a method for acid elutlon of bo\ind peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al., Nature 

10 351:290 (1991) have developed an approach to characterize 
natxirally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 

15 eluted from class I molecules of the B type (Jardetzky, et 
al.. Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R5tzschke and Falk (RStzschke 

20 and Falk, Immunol > Today 12:447 (1991). 

Sette et al., Proc. Natl. Acad. Sci. USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
Acad. Sci. USA 86:4649 (1989) showed that BQiC binding was 

25 related to immunogenicity. Several authors (De Bruijn et al., 
Eur. J. Immunol .. 21:2963-2970 (1991); Pamer et al., 991 
Nature 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motif s can be applied to the 
identification of potential immunogenic peptides in animal 

30 models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles should be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

35 Despite the developments in the art, the prior art 

has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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SpMKKRY Qf^.Tm IHVERTiOK 

Th^ present inventMn larovideis 

: . "'^'^*^?.^'«»9en^^^^ tifs for MHC 

C^^a l molecules. ^ imm^enic ^i^s iii^ t^i^^^ 

residues involved in binding proteins encoded by the 
appropriate MHC allele. A nuaber of allele specific aotifs 
have been identified. 

10 th. K I- the aotif for HLA-A3.2 comprises from 

10 the H-ter»inus to C-ter»inus a first conserved residue of L 
M, I, V, s. A, T and F at position 2 and a second conserved' 
residue of K, R or If at the C-terainal end. other first 
conserved residues are C, G or D and alternatively £. other 
second conserved residues are H or F. The first and second 
IS conserved residues are preferably separated by 6 to 7 
residues. 

to the a ."^r""^"^ -°»Pr"^ f ro» the H.ter»i„„s 

to the C-terminus a first conserved residue of T, s or M « 
second conserved residue of D or E, and a third cdnservei 
20 residue Of V. other second conserved residues are A " or T 
The first and second conserved residues are adjacedW a^n L!' 
T:^'T^' the third conseWed resits^ Ho 

residue of E or D and a second conserved residue of i where 
Tr^^ — - - -parated byTto 

to the c """"^^ comprises fron the H-Wnus 

to the C-terainus a first conserved residuW of T or V at 
position 2 and a C-terainal conserved residue of K. The first 

- — ^ separated^y?:: 

The aotif for HIA-A24.1 coaprises froa the N- ' 
terminus to the C-terainus a first conserved residue of y f 

7 1 zrT"' ^ ^ residu/of ;;x 

W, K or L. The first and second conserved residues are 
preferably separated by 6 to 7 residues. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples oriuitLL 



5 



) 
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antigens include prostate specific antigen (PSA) , hepatitis B 
core and surfac antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanoma antigen (MAGE-1) Epstein-Barr virus 
antigens, human immunodeficiency type*-l virus (HIVl) and 
5 papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

10 The term ^'peptide** is vised interchangeably with 

''oligopeptide** in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha^-amino 
and carbonyl groups of adjacent amino acids. The 

15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of betveen about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
coB^rises an allele-specif Ic motif such that the peptide will 

20 bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived* 

25 A ^'conserved residue** is an amino acid which occurs 

in a significantly higher frecpiency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the HKC 

30 molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific pockets of the groove itself. 

35 Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues** are 
amino acids which if present at certain positions will result 
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t induce a CTL resp „se despite the presence of the 
f ^?P^?<^e, cpnsery^d,re«Adaes vithin the peptide. 
The term "motif* pa^am 4. 

The Wndin, motif for „ ,ii.ie 5. ^^^^^ „ 
i«cr«sl„, d.,r.„ Of precision. i„ on. =..., .11 r:^.""' 

^^I^m""" correct poeitiL^n . 

Wtide th«.. „. no nejativ. binding residues present 

— -nr-- ^^^^ n n'rn.. 

».c x>oiecuXes on enti^ p,^,^,^ f^'™^' 
a protein has been isolated to - i,« 
-ere are trace conta^inttViVt^: 
Pi^otein Which co-purify with the dir ! 

Peptides Of ms Lent^Inttt cltt'^^^^^^ ""^"'^ 
purified protein. contain such endogenous co- 



The ters "residue^ refe» 



or amide bond aiaetic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a f 1 w diagram of an HLA-A purificati n 

scheme. 

5 Fig. 2 is an SDS-PAGE analysis of affinity purified. 

HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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A3. 2 a second acid eluate 
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Base elution #1 
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Base elution #2 
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Concentrated base elution 1 
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Concentrated base elution 2 
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Lane 
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BSA - 10 fig 




Lane 
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BSA - 3 /tg 



Lane 10 - BSA - 1 m9 

Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA*A3 acid eluted 
20 peptides. 

Fig. 4 shows binding of a radioactiyely labeled 
peptide of the invention to MHC molecules as measured by the % 
boimd radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of $2 microglobulin. 
30 Fig. 7 shows dose dependent inhibition of binding 

with the addition of unlabeled peptide. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as measxired by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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. > :,x AV=l«5»?=^^iA^lysis Of binding to MHC Al 

ccjhfirming an apparent Kq of 2lnM. • - -.-i 

Fig. 12 shows the binding f tw peptides of this 
i'»¥«ti9n A^.^.Jfuiy^ion.o ncentration as measured 

by \ botmd reactivity • 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MBC A24 of the two peptides confirming a K„ of 30 
and 60nM, respectively. 

. Fig. 15 shows the effect on MHC class 1 molecules of 

/Jamicroglobulin and a peptide of choice on acid-stripped pha 
' blasts . 

Fig. 16 shows CTL induction using GC43 A2 l 
responders and autologous acid-stripped p^mcs or Ph;^ blasts 
loaded with the 777,03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X3B1 or X355 A2 l 
responders and autologous acid stripped PBMCs or PHA blasts 'as 

-.04.1044.os.1044.or 

Fig. 18 shows CTL induction using CG49 A2 1 
responders and Autologous Acid stripped pha blasts as 
stimulators after loading with 939.03. peptide. 

and au^.i " ^^'^^''^ induction using CC66 Al responders 

and autologous acid stripped PBMCs as stimulators dfter 
loading of peptide 938,01. 

targets anl'L" '^^^^ 1^^- °^ PePtlde sensitized 
targets and endogenous targets following stimulation with SAC- 
1 activated PBMCs loaded with a MAGE 3 peptide. 

with the al^'J'' * strip loading 

With the cold temperature incubation. 

n««^iH * " * response to an immunogenic' 

peptide for MAGE/ All. 

. " * response to an immunogenic 

peptide for HIV/A3. 

^ Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. »«unogenic 
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Fig. 25 shows a CTL response to an immunogenic 
peptide for HBV/Al. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specif ic peptide motifs for htiman Class I MHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases or cauicers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA), hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis c antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE*1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition, those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in vitro or in 
SAVQ CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tm&or cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A and *B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 
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The peptide bindiJig^^^lf s f the inventi n are relatively 
specific for each allelic subtle. 

Fc*i peptide-based vaciines/ tt^ 
_ present inventi n. preferably icca^rise a notif reirognite^ by an 

5 MHC 1 molecule having a wid^ distribution in the huaan 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele nay depend upon the target 
population. Table l shows the frequency of various alleles at 
10 the HIA-A locus products among different races. For instance 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HIA-A allele subtypes, 
specifically HIA-A2.1, Al, A3.2, and A24.1. Similarly the 
laajority of the Asian population is encompassed witu the 
addition Of peptides binding to a fifth allele HLA-All 2 



15 
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TABLE 1 



10 



15 



20 



25 



30 



35 



40 



45 



Al 
A2«l 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3.2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A32 
AV33.1 
AV33.2 
AV34 . 1 
Av34 . 2 
AV36 



10.1(7) 
11.5(8) 
10.1(7) 
1.4(1) 



1.4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 



1-4(1) 
4.3(3) 
7.2(5) 

10.1(7) 
1-4(1) 
1.4(1) 

10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 

14.5(10) 
5.9(4) 



Af54) 

1.8(1) 
37.0(20) 
0 

5.5(3) 



0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 



9.2(5) 
3.7(2) 

MB 

1.8(1) 

7.4(4) 
16.6(9) 



Cf502^ 

27.4(138) 
39.8(199) 
3.3(17) 
0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



50 



Table compiled from B. DuPont, ImmunQbioloav of ttta . Vol. 
I, Histoconqpatibility. Testing 1987, Springer-Verlag, New York 
1989. 

N - negroid; A » Asian; c = caucasoid. Nxunbers in 
parenthesis represent the number of individuals included in 
the analysis. 

The nomenclature used to describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the N-terminus) and the carboxyl group 
to the right (the C^terminus) of each amino acid residue. In 
the formulae representing selected specific embodiments of the 
present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they w uld 
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'^^.^ 5^eio^., gic: pll, valu«; uii^este bttterwi^e specified. 

1^^'>^,^i^iS^Wtm^ fornulie>/^cH r^liJiie is 
generally r^resented by:, standard thr^fee' lettdr or single 
letter designati ns. The L-f rn of ah amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter synbol, and the D-fom for those 
amino acids is represented by a lower case single letter or a 
lower ease three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as -Gly* or c. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
FalJc et al., iJaJatg 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
Isolation of MHC class I molecules, typically by 
laaunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan Include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chromatography, and a combination of all of the above 
techniques. 

A large number of cells with defined MHC molecules 
particularly MHC Class I molecules, are Icnown and readily ' 
available. Por example, human EBV-transformed B cell lines 

IZLT" "T^ ^" preparative 
isolation of class I and class li MHC molecules. 

riii'Tr'''"'* P^i-«te and 

c«mercial sources, such as American Type Culture Collection 

L^iirV ^'"'^^ Hybridomas,- 6th edition (1988, 

^et!c m'L'T "^"""'^ (NIGMS,^Hu«an 

Genetic Mutant Cell Repository, camden, NJ; and ASHl 

Repository, Bingham and Women's Hospital, 75 Francis street 

Boston, MA 02115. Table 2 lists some B cell lines suitable' 

can be ^own in large batches and are therefore useful for 
large scale production of MHC molecules. One of skill will 
recognize that these are merely exemplary cell lines and that 



wo 94/03205 



PCT/US93/07421 



12 

many other cell sources can be employed. Similar EBV B cell 
lines h mozygous for HLA-B and HLA-C could serve as sources 
for HIA-B and HLA-C alleles, respectively. 
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HUMAN 



13 



j.ii ■■ : ■ 



-A SOURCES) 



10 



15 



HLA-A allele 

"aT 



A2.1 



B cell line 

"mm" 

COX (9022) 
STEINLIK 
(9087) 



JY 



20 



A3. 2 



EHM (9080) 

H03101 (9055) GM3 107 



25 



A24.1 



KT3(91«7),TISI (9042) 



30 



35 



All 



40 



45 



50 



BVR (GM6828A) 
WlOO .(CH8602) ,WTS2 
(CM8603) 



. ! case, i-aaunoprecipitation is used to 

Vsed, depending upon the specificity of the antibodies used 

IfL^ reagents can be used f" ! 

affinity purification of the HLA-A, HLA-B, and HLA-C 

molecules are available (Table 3). Thus, for each of 
targeted HIA-A alleles, reagents are i^ailable that LTl 

LfLT ^"^^^^ molecules " 

Aff^ity col^ prepared with these 

technx^es a.e successfully used to purify the respective 
HIA-A allele products. 

r..^, m addition, to allele-specific mAbs, broadly 
reactive anti-HLA-A B r . 

A, B, c BAbs, such as W6/32 and B9.i2.i, and 
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one anti-HLA-B, C mAb, Bl.23,2, could be used in alternative 
affinity purification pr tocols as described in the example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 



Name 



20 



25 



30 



HLA-Al 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

nonomorphlc 
HLA-B,C 

Bonomorphic 



12/18 
GAPA3 
All.lH 
W6/32 



(ATCC, HB122) 
(ATCC, HB164) 
(ATCC, HB95) 



B9.12.1 (INSERM-CNRS) 
B. 1.23. 2 (INSERM-CNRS) 



The peptides bound to the peptide binding groove of 
the xsolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class i 

ZlrlT 7/ "'"'"^ °' denaturing means, such as 

heat, pH, detergents, salts, chaotropic agents, or a 
40 combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 

45 the artisan, including filtration, ultrafiltration 

electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
IS electrofocusing, and the like. 
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. , - , sequencing of isolat^4.4»^tides can .be .perfonaed 
*ceording to standard techniques sidh as ;BdmM n 

.i^M*'- mi^m-^mm^:-31^ 3.9» X1983 ] ) . 
: ^Otfier ttetfidd^ ^Mtible f sequ^epding ^nclud^ 

6|Secrtr<ketxiir sequenci^^ of indiyiduaj peptides as previously 
described (Hunt, et al., fisEifinE6 225:1261 (1992) > which is 
incorporated herein by reference) . Amino acid sequencing of 
bulJc heterogenous peptides (&^, pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
sequence iotif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide, 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
epitopes: is initially carried out using a computer to scan the 
amino acid secjuence of a desired antigen for the presence of 
motifs,- The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways, one means is a Class X molecular binding 
assay as described in Example 10, below, other altettiatives 
described in the literature include inhibition of antigen 
presentati6n-(Sette, et al., J. iBmtnol , 141:3893 (1991), m 
3£i£Efi assembly assays (townsend, et al., QsH 62:285 (1990), 
and FACS based assays using mutated ells, such as RHA.S 
(Melief, et al., Eur, j. Tmi^im^T 21:2963 [1991]). 

Mext, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
toduce specific CTL responses in Vltrg. Pc. . instance, 
antigen-presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
on responder cell populations. Antigen-presenting cells c^n 
be normal cells such as peripheral blood mononuclear ceUs or 
^e^drdtic cells (inaba, et al., J. moh 166: 182 (1^87); 

Booq. Eur.. J. Tmiin^l 18:219 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 
internally processed peptides, such as. the mouse cell lines 
RMA-S, (Kfirre, et al.. HatuES, 319:675 (1986); Ljunggren, et 
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Eur. J. Tnanunol. 21:2963-2970 (1991)), and the human 
somatic T cell hybridoma, T-2 (Cerxindolo, et al. , Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in vitro primary CTL responses. Other 
euJcaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), siDcworm (ATTC CRL 8851), 
armyworm (ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider i. 
Timbrypl . EXPt HorPhQl t 27:353-355 [1927)). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 (M of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
i n Vitr? for 7 to 10 days under optimized cultxire conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, r by recombinant DNA technology or is lated 
from natural sources such as whole viruses or tumors. 
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. : ^^^M^^-f^^ly li^^substfi&aWliy free 

cs hj-ugated to iiitivci fragments or dL*!^ ^ synthetically 
S or peptides can ^ a v^'ty" le^^'^^^^^^ 
neutral (uncharged, forms or in forT!;!^^ 
either free of modifications such as gl^^^":!::'''' 
:l"r«:; ^^^^^orylation or con JiLnTi:e 1" ' 
modifications, subject to the condition that the modlfl 
) not destroy the biological activity of thT* , ication 
herein described. ^''"^ Polypeptides as 

Desirably, the peptide vill be as c^.n 

.«lvlty Of the l^e peptide. «»„ L T"' 

■^iirabl, to optl^,« poptl^os of the to^S™ to 

- «i«lo»M,oii»ly prooeesod vlr.1 ok-»*^ » slle with 

4.K*4- ^ - vxrai peptides or tuiadt cell ;.^;p.4.4^ 

t"»t „. bouM to mc claw I Ml.cul«i „„Tr , t^t*"" 

Peptide. Win, the I^^I^^c^vJ^, *^''"- 
Wn«.e..,V to provide ^i„ deeted^^^^,^' 
l.».rov«, pher«col„i«i <=her.ct«rietio. ' 

.ctivity of th. un.odified P^L t. hi^ 

th. p.ptid.. „y he .«h,.=t" ^il 
eubetitutlona, either eo«erv.ti». ^T. ' 
*«=h ch«,„ Provid!^^^ """-co^^vetive, vhere 

"ii*, such i^roZ, HM h!^; ^ "^vent*,,. i„ 
»bstit«tio™ i! ^l^p^.*:^';, ^ »~er«tive 
"Other «a=h is biolo,I^x^;^" "f"" '""^ 
on, hydrophobic re.idu! ^ ch«itc.lly .i.ai„, . 

"Other. The eubstitutil^ TT"' " "eidue W 

v.i. „e, r "r^p^: rjT^rr" - 

procedures, as described l« ^^P^^*** synthesis 

B««n^e"if-;:;;.'^s:^^^^» 

^-^^-^O' ine p^pt1(^p^^ Gross and 



wo 94/03205 



PCT/US93/0742I 



18 

Meienhofer, eds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Y ung. Solid Phase ngpi^idP svt,^^,,^., (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

The peptides can also be modified by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-o-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as 6-7-tf-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors, in addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be employed. The substitutions may be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide, 
m any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding . 
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.^i^ ^^^^ typically of single 

«tol^ion thereof aay be c abined to arrive at a final 
WUde. . substitute r^i variants are thpsci in which at least 
one residue of a peptide has been removed and a different 
residue i^erted in its place. Such substitutions generally 
are »ade in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide 
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TABLE 4 

gr i q i na] Rgg i dUP Exemnlarv s ubstitution 



Ala 


ser 


Arg 


lys 


Asn 


gin; his 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


He 


leu; val 


Leu 


ile; val 


Lys 


arg 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr- 


trp; phe 


Val 


lie; leu 
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- ^ =»«W9es-i^t SuiiG^^ 

, -^-vK^^i^S.^^'^ cell receptors) ar* .aadg^ ^el^ij^ing 
y,r^^:^^^^ J^^ ^^s.o tf8ervative:.t6to- thb^fe i„ Table 
^.l^ev^^ectW residues that a«f er »iire si^ifica«tly in 
^^elr^effect on maintaining (a) the structure of the peptide 
bacdcbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge 6r 
hydrophobicity of the molecule at the target site or (c) the 
bulk Of the Side Chain. The substitutions which in genL^ 
are expect^ to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue 
e.g. seryl, is substituted for (or by) a hydrophobic residue 
e.g. leucyl, isoleucyl, phenylaianyl, valyi or alanyl; (b) a' 
residue having an eleptropositive side chain, e;^., i;^^ 
arginjtl, or hi^tidyl, is substituted for (or by) an 
elecyonegatlye residue, e.g. glutamyl or aspartyl;'or (c) a 
^SLirf " ^''^ PhenylalLin:: is 

^^^T ^^^^"r- ^''^ 

•UMtltutad for . Moond BoquOToe becaiis. th. st.rlc 

==Mo™.tion o, the first s^,^ tLta . M™il„, 
•peclflc for ^, second se,u««e. ter. speclflcUv 

or as mid. nitrojOT, the o-crhon, mid. cirbonvl ™„,.. 

r^Ls^t Of t.. mid. ^. 

"!i|Luu^./m;,. '''^''^ r i 1 1 III,, . , vol. m 

idi^tli!. Of peptide .1th various mine ...d 

or Mnn.tu^.1 mlno „ld. partlcuiirly useful in 

have b«n ub« to test stability, ^a, Verkoef .tT, 
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Eur. J. Drug Met:ab Phannacokin. 11:291-302 (1986). Half life 
of the peptides of the present inventi n is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non-^ieat inactivated) is delipidated by centrifugation before 
use. The sertim is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed -phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids, it will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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: ■i-.-.r : . include in 
,v.:^ll.P'^??3P^"?^APa^^^^^^ sifci6ns^.faf the ih^4htien'^*fi€ least one 
.k^9°W^°SmuyUf=^ '^^^iB^ ^mm^e been 

iim against viral antigens. For exaaple/ palidtic acid 
residues can be attached to the alpha and epsiloh aiaino groups 
of a Lys residue and then linked, e.g., via one or aore 
linlcing residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an iaaunog^ic peptide. The lipidated peptide can 
then be injected directly in a micellar fonn, incorporated 
into a liposone or e«ulsified in an adjuvant, e.g.. incoaplete 
Freund's adjuvant. la ^ preferred aabodikent a particularly 
ef f ective imunog^ comprises palaiitic acid Attached to alpha 
and epsilon amino, groups of Lys, which is attached via 
linkage, e.g., Ser-Ser, to th^e amino terminus of th4 
immunogenic peptide. 

p ,f P^^**' °^ ^ responses, 

£<_£Sll lipoproteins, such as 

tripaiaitoyl-s-^lycerylcysteinlyseryl-s^rine (P3CSS) can be 
used to prime virus specific CTL when covaiently attached to 

^"P*"^- '>«^- et al., Malau^ 342:561-564 

(19B9), incorporated. herein by reference. Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a ctl response to the target antigen. Further, as the 
induction Of neutralizing antibodies can also be primed with 

«^Lr J't' " ^"^'^^ " appropriate 

epitope, the two compositions can be combined to more 

l^lTt^T """^ cell-mediated responses to 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support or 
larger peptide, for modifying the physical or chemical ' 
properties of the peptide or oligopeptide, or the like. Amino 
acids sHch as tyrosine, cysteine, lysine, glutamic or aspartic 
acid or the like, ^be introduced at the c- or N-termLus 
of the peptide or oligopeptide. Modification at the c 
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terminus in soae cases may alter binding characteristics of 
the peptide. In additi n, the peptide or lig peptide 
sequences can differ from the natural sequence by being 
modified by terminal-NH^ acylation, e.g., by alkanoyl (Cj-Cjq) 
or thioglycolyl acetyletion, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young. Solid Phase Peptide sy^i-t^oo-j^ jd. ed. , ' 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DMA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally. in Sambrook et al., Molecular nonin«. a r.^urs^^^^^- 
Manual, cold spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al., 
J. Am. ChPIH , , spr , 103:3185 (1981), modification can be made ' 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to pr duce the 
desired fusi n protein. A number of such vect rs and suitable 
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^i'^MB. EDru«eiii?6fesibn^f the fusion 
V ^egiieaicet wills be^ pza>v£dfed operably 

: - i^^^** f?*.?* P fffdons, laroaofcer and tferirinitor regions 

««d usi^Uy a r«splica$:i !^^?BystM ^to.tp^^S1^ae^ Session 
S vectbr for expression ln>,the desired cellular host. For 
exaaple, promoter sequences coKpatible with bacterial hosts 
are provided in plasaids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
0 bacterial hosts, of course, yeast or maBmaliah cell hosts may 
also be used, enploying suitable vectors and control 
sequences. 

Th^ peptides of th)a present invention and 
pharmaceutical and vaccine compositions thereof aj?e useful for 
administration, to mammals, particularly huifians, to treat 
'^^'^^ Pj^^^'^^ '^^^i i^e:f^^on:^^ cancer , ESodnples of 
diseases which can be treated, using the immuho^enic peptides 
of the invention incljide prostate cancer, hepatitis B, 
hepatitis c, AIDS, renal carcinoma, cervical carcinoiia, 
lyB?)iioma, CKV and condlyloma ac?uminatum. / ' ' 

For pharmaceutic! qpiipoaitions, the isoBuho^enic 
peptides of the Invention ere administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the acute phase of 
infection can be treated yith the immunogenic peptides 
separately or in con junctipn with other treatments, as 
appropriate. m therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at leasi partially arrest symptoms and/or 
complications. An amount adequate to accomplish this iss 
defined as -therapeutically effective dose.- Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner oi administration, the staqe and 
severity of the disease being treated, the weight and general 
state o^ health of the patient, and the judgment of the 
prescribing physician, but generally range for the Initial 
immunization (that is for therapeutic or prophylactic 
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administration) from about l.O to about 5000 /xg of peptide 
f r a 70 kg patient, followed by boosting dosages of from 
ab ut 1.0>g to about 1000 /xg f peptide pursuant to a 
boosting regiaen over weeks to aonths depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter, in chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic 
Infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers, it is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cyt t xic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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P«l^«i period Of to «»e«i*.l, 

l«.ivld».l xn o,.,c«o Of Chronic infection, .dninistr.tlon 
should oontlnua ontil ,t laa« clinio.1 swtliTl^!!^! 
t«.t. indict, thnt th. vir.1 infection JTbZ ^11^^ 

' tr..ti»-» ^ ^"TMoauticia co-positions for th«r.poutic 
trsatBsnt «r. intondsd f or paruitanl toii«.. , 

subc«U|neojasly, i^tr^^ l«tra.useularly Thus th. 

^^ co»prls, a solution o^^^ 

or suspended In an acceptable carrlL 
i*i*6^ «b:rier. a varietv . carrier, preferably an 

e ^ A variety of aqueous carriers aiy be used 

y'^' >?«?fered water, 0.9* salirie, o.3% ' 
hMuronic acid and the like. These ar»L " ^ ' 

-Btimr-irA,^ u:. .TOese co]q)ositions nay be 

-t«ilU^ by co„y«,tlon,l, .eu >c«o«n st,rlllz.tlon 
tecHniquos, or may be sterile flltin-.H "™ 
soiuti-ins „y be pec.„,«, f^ The reeuiti,, .^.ous 

ly^llized i.ep^.tiorb.ln;,:i"J^;^^ .T'Jf""' 
PTlo. to .d.l«ietr.t,o.. J co^^ililX'-ctLi."'""'" 

.9«.t. ««, tb. like, fo, e,^,., sod j I!!^ 
isetste, sodlu. Chloride, potessin. chlorlH 

i.e., froa less than about 0.1%, usually at br i 
2% to as iuch as 2o» i^n* *^ 

s^ect^fcri^" r;ii:n ::i:i:r:f^v- >. 

.cc^ence With the pertlcu.., „ .dminr^Str::- ' 
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The peptides of the inventi n may also be 
administered via lipos mes, which serve to target the peptid s 
t a particular tissue, such as lymph id tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, m 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
SzoJca et al., Ann. Rev. Rtophvs. BjpfnT 9:467 (1980), u.'s. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
intSE alia, the manner of administration, the peptide being ' 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example, 
pharmaceutical grades f mannit 1, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
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fM^i^B^^^'. a^^P^wnnaceuticaliy aeeeiitabie%^ 
^°^f^**S^^? t*y in<» f tie nnally 

,\.e»plpy^^e^cc|pieiits>---:fiUGh .^asirtiois' ^'<iui^^--^m^iy^ list^ 
^ W^rally 10.95% of active ingredient, that iij; one or 

aore peptides of the invention, and acre preferably at a 
concentration of 2S%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
) surfactant and propellent. Typical percentages of peptides 
are 0.0l%-20% by weight, preferably 1%-10*. The surfactant 
must, of course, be nontoxic, and preferably soii^ie in the 
propellant. Representative of such agents are tie esters or 
partial esters of fatty acids containing from 6 to ^2 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic 
linpleic, linolenic, olesteric and oleic aci& with an 
aliphatic polyhydric alcohol or its cyclic anlTyiiridi: Mixed 
esters, sucrti as mixed or natural glycerid^ may be eiployed 
The surfactant may ponstitute 0.i%-20% by weight of the 
oompositipn, preferably 0.25-5%; The balance of the 
composition is ordinarily propellant. A carri^ can also be 
Slive^' " ^•^^^"^i** intranasal 

in another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 

SrSf r'T""- i-^ogenic peptide as 
described herein. The p.eptide(s) may be introduced into a 
Host, Including. humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased ito«biogical reaction 
and. Where different peptides are used to make u,i the polvmer 
the additional ability to induce antibodies and/br CTLs t^t ' 
react with different antigenic determinants of the virus or 
tumor cells. Useful car^i"ers are well known in the and 
include, e.g. , thyroglpbulin, albumins suS. as bbvine serum 
albumin,^ tet^us toxpid, pplyamino acids such as 
poly(ly8ine:glutamic acid), hepatitis B virus core protein 
hepatitis B virus recombinant vaccine and the like The ' 
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vaccines can also contain a physi 1 gically tolerable 
(acceptable) diluent such as water, ph sphate buffered saline, 
r saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluainua 
phosphate, aluminum hydroxide, or alum are materials veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amoxints of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immxine response capabilities. Such an amount is 
defined to be an "immunogenically effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1,0 
Mg to about 5000 ^g per 70 kilogram patient, more commonly 
from about 10 /xg to about 500 ^g mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immun genie peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and meth ds 
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, iBBunizatipnrptjfltOGols are Td^csribed in, e.g.,u.s. 

. ^f^^ »*®Vr<r'22rB48;, incorporated istee^^^ ti^feitence. 
v^^^^^ (Bacilie CalBtette GuttinV; "bCc vectors 

whicli is incorporated herein by- reference. A wide Variety of 
other vectors useful for therapeutic administration or 
iamunization of the peptides of the invention, e.g., 
Sa l Bgnelin ismlli vectors and the like, win be apparent to 
those Biailed in the art from the description herein. 

Antigenic peptides nay be used to elicit CTL ex vivo 
as well. The resulting CTL, can be used to treat chronic 
infeert:ions (viral or bacterial) or tuaors in patients that do 
not respond to other conventional forins of therapy, or will 
not respond to a peptide vaccine approach of therapy, ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tunor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) tbgeth^ With a'source of 
antigen-pre^enting c^lls (AFC) «nd the approiiriate immunogenic 
peptide. After an appropriate incubation tike (typiially 1-4 
weeks) in whiph the CTLp are activated and mature and expand 
into effector CTL, the cells are inifUsed bad^ ihto the 
patient, where they will destroy their specif Ic' target cell 
(an infected cell or a tumor cell), m ord^ to optimize the 

^iIs^h'^'^V «P-i"c cytotoxic T 

cells, the culture of stimulator cells is maintalneik in an 

appropriate serum-free medium. 

Prior to incubation of the stimulatibr cells with the 

cells to be activated, e.g., precursor CDS* cells; an amount 
Of antigenic peptide is added to the stimulitor cell culture 
Of sufficient quantity to become loaded onto the human Class' I 
molecules to be expressed on the surface of the stimulator 
cells, in the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class r «HC molecules loaded with peptide 
to be expressed on the surface of each stiiittrlator cell 
ZllZT""' ^"""'^"^^ incubated witix >20.g/ml 
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Resting or precurs r CD8+ cells are then incubated in 
cultxir with the appropriate stimulat r cells for a time 
peri d sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
nay further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary immune responses, while small Mounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(PCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
»a3or histocompatabillty complex molecules on cells allows the 
induction Of primary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatabillty complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 
responses. ' 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC 
followed by loading the resulting empty MHC molecules with 'the 
immunogenic peptides of interest. The use of non-transformed 
(non-tumorigenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL inducti n protocols directed t wards development 
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f^f?apies,,,,:;^s,applic*ti6n aisclt^efl nethods 
'^!l^^^"f:.^i.-^^^9^^C-»8^oci&t6d from the 

ai-^lA^ic complex 
-forted Of the following elements: l) a peptide Usually of 8 - 
10 residues, 2) a transmembrane h«avy polymorphic protein 
chain which bears the peptide-binding site in its ai and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, ^amicroglobulin. Removing the bound peptides 
and/or dissociating the ^aBicroglohulin from the complex 
renders the MHC class I molecules nonfunctional and unstable 
resulting in rapid degradation. All mhc class 1 molecules ' 
isolated from PBMCs have endogenous peptides bound to them 
^erefore, the first step .is to r^ove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
their degradation before exogenous peptides can be added to 



TWO possible ways to free up MHC dlass i m^ilecules of 
boujjd peptides include lowering the. culture tempetiture from 
37 c to 26-C overnight to destablize /r^tficrbglobuliA ind 
stripping the end^enous peptides from the ceil usihg a mild 
'acid^treatement. The methods release previously botfnd 
peptides into^the extracellular envirowaent allowirig new 

Thrc'rirt''''''r ^^-^ ^ 

The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MHC cpmplex, but requires 
an overnight incubation at 2 6- C which may slow the cell^^ 

r^'f^"""'* " '^"'^ '^^tively 

synthesizing MHC molecules (e.g., resting pbmc) would not 

produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the' 
peptides With trifluoroacetic acid, pH 2, or acid denaturation 
Of the xmmunoaffinity purified class I-peptide complexes. 
These methods are not feasible for CTL induction, since it is 

^SmL'"^" peptide. While preserving 

APC Viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of pH 3 such as 
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glycine r citrate-ph sphate buffers have been used to 
identify end genous peptides and t identify turn r ass ciated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class li molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4»c and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specific APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specific CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 
methods . 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
Of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors by the practitioner. 
Preferably, however, about 1 X 10^ to about 1 X lo", more 
preferably about 1 x 10^ to about 1 X lo", and even'more 
preferably, about 1 x 10» to about 1 x lo" activated CD8+ 
cells are utilized for adult humans, compared to about 5 x 10« 
- 5 X lo' cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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SS^* -^^"^^ t r^i ^oy^er<; tfii^-unlDce other 

. , ^^TT.^ m ^^.f^ '^^^^^^ ^^isti^^ i^^i^e^ method 
; : ^ a cell c^llnirp s^^^^^^^^^ 

> Therefore, if cpap^te separation of etWi^tor c^iis and 
activated CDS. cells is not achieved, there is no inherent 
danger Icnown to be associated with the adiainistration of a 
s»all number of stipulator cells, whereas administration of 
»a»«alian tumor-promoting cells »ay be extremely hazardous 
icnown m ^T'^ "-introducing cellular components are 
Icnown in the art and include procedures such as those 
exemplified ih U.S. Patent No. 4,844,893 to Hohsik, 'et al and 
V,S Patent Ko. 4,«0,n5 tp Rosenberg. Per ejpie 
administration of activated 0)8* cells via intravenous 
infusion is appropriate. 

The peptides may also find use as diagnostic 
reagents Per example, a peptide of the inventTon 1, be used 
a^^^' ^ -sceptibility of a particular ind^Lut to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in mLLying L^i.:' 

a«:^ri':r:?' '^^^^-^^ - -^^^^ - 

affected individual, m addition, the peptides mav al«o 
used to predict which individuals will L 

for developing chronic infection! «»*»Btantial risk 

ni . ,7*^ ^Pl«« '^e Offered by way of 

illustration, not by way of limitation. 

. ^ diagram of an HLA-a antigen purification 

scheme is presented in Pigiire i. Brief iv 

the appropriate .llele we^^o«, i„ i!^; ^! T''' "^'"^^ 
yielding -5 x lo' i=An«. k ^ batches (6-8 liters 

washed . ^ Ail cell T< ' centrifugation and 

(Si^l . maintained in rpmi xe46 media 

(Sigma, supplemented with 10* fetal bovine serum (PBsrld 
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antibi tics. F r large-scale cultures, cells were gr wn in 
roller b ttle culture in RPMI 1640 with 10% FBS or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
rotor and washed three tiaes with phosphate-buffered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 "c or treated 
with detergent lysing solution to prepare detergent lysates. 
cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
Corp., Westbury, NY 11590), 150 mN NaCl, 50 mM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10« cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSF) , 2 mM; aprotinin, 5 
ng/ml} leupeptin, 10 ^ig/ml; pepstatin, 10 ng/ml; 
iodoacetamide, 100 ^M; and EDTA, 3 ng/ml. cell lysis was 
allowed to proceed at 4-C for 1 hour with periodic mixing. 
Routinely 5-10 x 10» cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at A'C and 
subsequent passage of the supernatant fraction through a 0 2 u 
filter unit (Nalgene) . 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
For antibody production, cells were grown in RPMI with 10% FBS 
m large tissue culture flasks (Corning 25160-225) 
Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma) . Briefly 
saturated ammonium sulfate was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4*0 to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 X g f r 30 minutes. The precipitate was then dissolved 
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/Spectrp/Por a «nsr«rred to dialysis tubing 

5 "-48 hour period .t 4 -c l^dla^ f ' 

^JH o, th, .olution .aju^ea to p« iTl^ "^l^' 
Proteii,-A-Sepharose (sioM) „. hM«*.^ 
--'.cturer.a Jet!:: .^"n^l'.T"'^' '° 

vol„^ or. ^ ^„ity for .m.U„ vol^ f" 0^/ '^"^ 

C01U-. ». with ..v„.r voiuj^; pi Ji';. 

«. -onltju:.* .t „,o tr. . .po=trophoto«t2^l!r? 

Mid at Mitable pa f,dlu.t.d J "i"* o.i m eitrio 

Hk«0 : ^or »ouse^^?p^Ts ° r '^"^''^ ■>-. -tt^ ™ 

. - . ... ^ * pa o*5 vas used ^ri*- t#«^^ 

.« to «,d lg«, pa 3.0 '^'f'" Pfl <.5 w« 

ti, neutralise the el„.t; ^."f" " 
«tihody («.„itored by ve« jTrf ™° ""^^WPS the 

further concentrated uainT " T ' "'"^"^ 
<»^co„ Hodel eoso witTv^o^ratr S'^.'^" 
BB7.2, and the anti-A3 «b, GA^^!' T. " " 
WTflnlty purificatlpn. ' "seful for 

Pr^d ■^o.J^^irVXr^^^ T''^ 

« u«. were prepared by ihcuhatln,ZSl^; . ! """""^ 

with .«i„ity.puri,l«, .*b ae^iriL 'f"" "^"^ 
to 10 mg Of Mb per .1 of h..H ■ ""wibed above. Wve 

»»b hound heads Were i!! "tlo. The 

»0 ™ sodlu. ter^^r "-^e buffer. 

Show «.o at based'une ' ''^ 

in « triethanol^r:^ vL^ddLT"' "^'^^^'^te „. 

the h, t„ the proter:!.!Cir;:^""^ — i- 

"-IH-Bx 257!107«6 (19821 (Schneider et al., 

" «o. te.peratu.e on'a "^.tor-^e^— ^^^^ 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 m ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotat r for 5 minutes at room temperature 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x lo' cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stocJc solution plus o i% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and lO column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (i/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay, Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 

li^rc'f T""''' 

amounts of bovxne serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule, m the case of H1A-A2 and HIA-A3 mAbs 
BB7 2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3. 2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAGE (12.5*) analysis of affinity 
purif ed HIA.A3.2 from the cell line EHM. An affinity colu^' 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3 A 
detergent lysate of 5xl0« cells was passaged over the column 
and the column was washed extensively. The bound HLA-A3 2 
molecules were eluted from the column with 0.15M acetic acid 
50 ml., one ml of the eluate was removed and lyophllized to 
concentrate the sample. The sample was taJcen up to 50 ul with 
Leammli sample buffer and 20 ^1 were loaded in lane 2. Lane i 
c ntamed molecular weight standards: Myosin, 230 kD; 6- 
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. 311=1., 

ot prot.ta^i.M. Por this P«l=ul.r.H»-„., pr.Z«c„ 
the e»tlttit«l yisM was .pprojclMtely 112 „. 

Por HIA-»ii, AS4.1 «d Al, « .itemativ. protocol 

. '''^"y "' "l"' I mpression ,i 

it is „tlolp.t.d that .».„,e yield. „ clLs I 
"9 I>« 10» cell e^ulyelents./ 

ellele molecules, but not by HL»-fc .ntigens. The mXb 
^etects ell hu«n cless 1 »olecul.s. Including hU^T'b !:^ A 
A. mentioned ebov., these «b, reect well wlth^ 4' J.^^ 
lines serving es sources of HL».» «.ti,en.. ThrBl^jrf^. 

:r:::::etirrirtLr " — 
p-tein or e ^"-^ 

With the hui^ oell line. en. (Meander i!". et ei 
^^1^=^^. « 3ap ,l„,„ . that lac. expression o. 

A and B molecules, but expresses low levels of mji r 
^TTL IV""" - -«^vity illust^a j: h^*1be 

^ Affinity columns were prepared usino the «<^V^«4*. 
purified Bl.„.. and «,3, mAbs, respe=tlvel7. t d^r^" 
a^e. The procedures for the preparation orth. 
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c luans are essentially identical to the procedures described 
for the preparation f the allele-specif ic mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of hla-B and C molecules using 
the protocol as described above. The cell lysate depleted of 
HLA-B and C was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. m addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 



Example -x 

I?9 l at l gn nnrt ppgnencing of nat:»T-;.ny pr ocesspH r TtiTlT 

For the HLA-A preparations derived from the base (50 
»M diethylamine) elution protocol, the eluate was immediately 
neutralized with l N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Aaicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (O.Ol M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts 
and the sample was concentrated to approximately i m a ' 
small sample (i/50) was removed for protein quantitation as 
described above. The remainder was recovered into a is ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
Placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sample was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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...j^--, .-^Jo"^^^^ m .bulk; .of the Eia-A heavy 

.1T^^ ^r^l^^mh^h^.', the .filter ectttains the 

...^SfS^.-^'^^^^^^^^f^^-^^ other ^oB^dfients with 
welgh^ iesei t^a:^>il^ Wxe ^poblSfi filtrate 

material was lyqphilized in . order to concentrate thfe peptide 
fraction. The sajaple was then ready for further analysis. 

For HPLC (high perf oraance liquid chromatography) 
separation of the peptide fractions, the lyophiliied sample 
was dissolved in SO /il of distilled water, or into o 1% 
trifluoracetic acid (TFA) (Applied Biosysteas) in Water and 
injected to a C18 reverse-phase narrow bore column fBeOcman 
CIS Ultrasphere, 10 x 250, mm), using a gradient system 
described by stone and William (stone, k.L. and Williams 
K.R.-, in, Macromolepular, seqne^iciiig and synthesis; Selected 
Methods and Applications, A.?l. Liss, IJew York, 1988, pp. 7-24 
Buffer A was 0.06* TEA, ^li, water (Burdidc-JaOcson) arid buffer B 
was 0.052% TFA in 80% acetonitrile .(Burdidc-Jadc^ori) The 
flow *ate was 0.250 ml/minute with the following gflttlient. 

n*"^*'*^'":" ' ' «lh., 37.5-75% B; 9S-10S%ih., 75- 

Gilson narrow bore HPLC configuration is 



The 

0- 



partleiilariy useful for tkis purpose, although other 
configurations work equally well. 

""^^ were detected by absbrbance 

at 214 nm, many of which appear to he of low abundance 

r .fi* - 9ive„ p^ represents a single peptide or 

a peptide Mixture was not determined. Pooled fract^^s were 
then sequenced to determine motifs specific, for each 'allele as 
described below. aAxexe as 

w... . ^"^1^ fractions, prepared as described above 

were analyzed by automated Edman sequencing using the Applied 

l^oTT.'"'^:'""'^^^^^ Thesequen^'g 
method xs based on the technique developed by Pehr Edman in 
the 1950S for the agential degradation of proteins and 
acl^ <*«^«'^i^e the sequence of the constituent amino 

1, » ^"""^^ ^^P'^"* ^ sequenced was held by a 

12-mm diameter porous glass fiber filter disk in a heated 
argon-purged reaction chamber. The filter was generally ;re- 
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treated with BioBrene Plus™ and then cycled through one or 
more repetiti ns of the Edaan reaction to reduce contaminants 
and ifflprove the efficiency of subsequent sample sequencing. 
Following the pre-treatnent of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenyl isothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free aaino-teminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trifluoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTH) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C- 18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result." Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among the peptides being sequenced, 
increased yield for that amino acid is observed. 



Example A 
Pefinition of an , 2 snscifin 
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is s Bev«abigfUlty in the ihtd^ 
.nomenclatusse of A3 alleles. : tti&m -i -ilikii'm^iii^s 
e?epi:M8ed, by cell lines ,EaM; H0301, ahd <ic3l«f. "^mOs 
partieailar subtype is currently referred t * i&^'-the 3 : 2 allele 
(Yang, in lairangbiPlpqY Of ffTift; Vol. 1, Dupont ed., Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*030l gene (its sequence corresponds to the one published 
by strachan, et al., EWP9 J., 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
In EHM cell line. The HLA-A3.2 encoded by the A*030l gene 
referred to in this document is the comonly expressed HLA-A3 
allelic form. 

m one case using MAT ceils, pooled peptide fractions 
prepared as described in Example 3 above were bbtained from 
HLArA3.2 homozygous cell lintfs, f6r example, afiio?. "The 
pooled fractions were HPLC fracftions corresponding to 7% to 
19% CHaqi. Poj: this class ir molecule, this re^i'on of the 
chrwaatogram was most abundant- ih peptides. Data from 
independent experiments were averaged as described below. 

The amino acid sequence analyses fr<^ four 
independent experiments were analyzed and the results are 
shown in Table 5. For each positibh except the first, the 
data were analyzed by modifying the method described by Falk 
et ai. to allow ^or comparison Of experiments from different 
HLA types. This modified procedure yielded quantitative yet 
standardizeci values while allowing the averaging of data from 
different experiments involving the same HIA t^e. 

The raw sequenatpr data was converted to a simple 
matrix of 10 rows (each representing one Ediian degradation 
cycle) and I6 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technicals 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.)! The 
values Of each ^ow were summed-to yield itotilpmoles value 
for tha^ particular c^cle. For each row, values for each 
amino acid were then divided by the corresponding to^l yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This abs lute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
••relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations). All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding l.oo by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (l.s-i.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

Cysteine was not modified and thus not detected. 
PTH-tryptophan coeluted with diphenylurea, and in some 
experiments, PTH-arginine coeluted with the major derivative 
of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. 

Previously described MHC structures showed instances 
of critically conserved residues at position 2 (or 3) and at 
the c terminus (either position 9 or lO) . These residues are 
referred to as ••c nserved" residues. The m dified data 
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^a(t the K diM fc'^etniiiais. 

^us% tfie^^i^^ notif sh uld have posiition two 
occupied |qr y, .L pt;,M^^a^^^^^^ pf ? . r 10 apino acids, and a 

C-terminal position .occupied by K. 

TABLE 5 
Sunmiairy 

HLA-A3.2 All«»l«»-«; Deelf <<p M ?ttf 

Conserved 
Position Residues 

1 

2 V,L,M 

3 Y,D 
4 

5 
6 

7 1 

"®- . '"' . K . . ' 

^ K 

Examnle s 

HLA-Ai liiolecules vere isolated and their naturally 
processed peptides characterized, as described- in Exaaple 3 
above, m one case using mat cells, pooled fractions 
corresponding to 19% tb 50% CH3CH were used. As in the 
preceding example, residues showing at any given position 
except the first position, at least a twostandard deviation 
increase over the random expected yield were identified and 
Shown in Table 6. On the basis of these data, only SerineN (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (E) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marked increase 
Other increases noted were proline (P) at position 4 and 
leucine ^(L) at position 7. Therefore, the motifs for HLA-Al 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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C-tenninal residue f Y. Alternativ ly, another motif would 
c nprise a D or E at position 3 together with a C terminal 
residue of Y. 

TABLE 6 

5 Sumaary 

HIA-Al Allele-Sneeific Motif 

Conserved 
Position Residues 

10 1 

2 S, T 

3 D,E 

4 P 
5 

15 6 - 

7 L 

8 - 

9 Y 

20 Example 6 

Def i n i tion of HLA-A11 allele-specific pep t ide tnof^ffi 
KLA-All motifs were defined by amino acid sequence 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 

25 HLA-All molecules purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 

30 increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 

Conserved 
Position Residues 



40 



1 

2 T,V 

3 M,F 
4 
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5 
6 
7 

8 Q 

9 K 
10 



gxann^*^ 7 

Dgg i nitlPTl Pf HLA-A74.1 Snme^irir. p^ p t-jd^ ^"I-IT f 
HLA-A24.1 allele-speciflc »dtl£s were defined by 
amino acid sequence analysis of pooled fractions in one case 
corresponding to ,7% to 19% CH3CK of Hplc fractionated peptides 
eluted frpin HIArA24.1 Bolecules purified froa the cell line 
KT3. on the basis of the data presented in Table 8 a motif 
for raA-A24.l consists of a conserved residue at position 2 
copied by tyrosine <y) , a peptide 1^^ of 9 or io amino 
^^^'^^^ ^^-^^^'^^nal conserved residue of ^h6«ylaianine (F) 

or leucine (L) . Increases were also observed at se^reral other 
positions: isoleucine (1) and methoni«e m at position 3- 
aspartic acid (p, , ^lut^c acid m. glycine (c, , lysine (k, 
and proline (P) at position 4-^ lystoe (K) , aWthonine (M) and 
asparagine (M) at ppsitlon 5; valine (vy at pofeitibn 6; 
asp^a^ine (H, and v,li.e (V) at position 7; and, alanine (A,, 
glutamic acid (E, , lysine (K, . glutamine (Q, and serine (s, [t 
position 8. Table 8 ' 

Susnary 



Position 

1 
2 
3 
4 
5 
6 
7 



Conserved 

Residues 



Y 
V 

N,V 
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^ A,E,K,Q,S 

9 F,L 

10 F,A 

Examnlft a 

Identification of lmnunog«.n ic nen^j ^gp 
Using the motifs identified above for various MHC 
class I allele aaino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence" of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No. 71. O; 3/92). 
The identification of motifs was done using the "FIHDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984) . Nucleic Acids 
Research 22JL11! 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBanJc database, m 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA) , p53 oncogene, Epstein Barr Nuclear Antigen-l 
(EBNA-l), and c-erb2 oncogene (also called HER-2/neu) , and 
Melanoma Antigen-l (MAGE-l) , a single sequence exists.' 

m the cases of Hepatitis B Virus (HBV) , Hepatitis c 
Virus (HCV) , and Human Immunodeficiency Virus (HIV) several 
strains/ isolates exist and many sequences have been placed in 
GenBank . 

For HBV, binding motifs were identified for the adr, 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

In the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
of residues 783 to 3010 from 5 viral isolates were also 
analyzed. Motifs common to all the isolates were identified 
and added to the peptide list. 

Finally, a c nsensus sequence for HIV type i for 
N rth American viral isolates (10-12 viruses) was btained 
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froa the Los Alamos N4tf«?5al^I^ra|:^:r44tabase (May 1991 
release) and analyzed in ord^a-xtpv^atentifit motifs that are 
constant throughout most viral vi|»oJ.iEtes. jm tifs that bear a 
small degree of variation (one residue, irt: 2 forms) were also 
added to the peptide list. 

several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 
18 was also searched for motifs from all alleles (Table 9) 
Melanoma antigens MAGE 1, 2 and 3 were searched for motifs 
from all alleles (Table 10) . The antigen PSA was searched for 
Botifs from all alleles (Table ii) . Finally, core and 
envelope proteins from hepatitis C virus were also searched 
(Table 12) . In the tables and the description of the motifs 
the conventional symbol letter for each amino acid was used ' 
The letter "X- represents a wild card character (any amino * 
acid) • 

search- »otifs were screened in the present 



For 


HIA-A1 ^A^ffTpTp 


1 


XSXXXXXXY 


2 


XSXXXXXXXY 


3 


XTXXXXXXY 


4 


XTXXXXXXXY 


S 


XXDXXXXXY 


6 


XXDXXXXXXY 


7 


XXEXXXXXY 


8 


XXEXXXXXXY 


Eor HIA-A3.9 /lAft-Joiv 


1 


XVXXXXXXK 



2 
3 
4 
5 
6 



XVXXXXXXXK 

XLXXXXXXK 

XLXXXXXXXK 

XKXXXXXXK 

XMXXXXXXXK 
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1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 rA*24QH i 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs Table 9 
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AA P sition 



3<KlHD2;iLECVY 

« i ^* -t -V *i 5v 

69 VCDKCLKFY 
77 yS^ISHfRHY 
80 ISEYRHYCY 
92 GTTLEQQYNK 
93TTLEQQYHK 
106 LLIRCINCQK 



:li?yiS&E6 
HPV16.E6 
HF(^l:e.£6 
HFV16.f 6 
HFV16.E6 
HPV16«£6 
HPV16.E6 



HLA aolecule 

Al 

Al 

Al 

All 

All 

A3 



2HG0TPTLHEY 


,HPV16.E7 


Al 


16 QPETTDLYCY 


HPV16.E7 


Al 


44QAEPPRABY 


8Pyi6>E7 


Al 


89 IVCPicSQK 


. HPV16 i E7 


A3, All 


3 RFEDPTRRPy 




Al 


4 FEDPTRRPY 




Al 


25 LQOIEITCVY 


HPV18.E6 


Al 


4 1 LTEVF&PAFK 


rovif.Es- 


All 


72 YSRIRELRHY 


HPV18.E6 


Al 


84 SVYCDTLEK 


HFVIS.EG 


A3, All 


ioi llirclScqk 


RFV18.E6 


A3 


59HTMLCMCCK 


HPV18.E7 


All 



Human Papino»a virus 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC class I Binding Motifs Table 10 

AA Position Sequence Antigen hla molecule 

2 SLEQRSLHCR MAGE 1 A3 

96SLFSAVITK MAGE 1 A3 

96 SLFRAVITKK MAGE 1 A3 

108DLVGFLLLK MAGE 1 A3 

128 MLESVIKNYK MAGE 1 A3 

128MLESVIKNY MAGE 1 Al 

152QLVFGIDVK MAGE 1 A3 

161EADPTGHSY MAGE 1 Al 

182 LLGDNQIHPK MAGE 1 A3 

215WEELSVMEVY MAGE I Al 

223 VYDGREHSAY MAGE 1 Al 

238 LLTQDLVQEK MAGE 1 A3 
239LTQDLVQEK MAGE 1 All 

239 LTQDLVQEKY MAGE 1 Al 
240TQDLVQEKY MAGE 1 a1 



Melanoma Antigen MAGE 1 



PGt/UiS93/0742I 



AA Positi n 



10 



15 



53 

Pie^ides^wl^^t^ M tifs Table 



11 





"Antigen 


' ' HEA nol« 




PSA 


A3, All 


O / AiX AAnCXKMK 


PSA 


All 


88 VSHSFPRPT.V 


FSA 


Al 


95 PLYOHSLLR 




A3 


178 DVCAQVBPQK 


PSA 


A3, All 


182 QVHPQKVTK 


PSA 


A3, All 


236 PSLYTKVyHY 


PSA 


Al 


239 YTKVVHYRK 


PSA 


All 


241:KWHYRKWIK 


PSA 


A3, All 


242VyHYRKWIK 


PSA: 


A3, All 



Prostate Specific Antigen (PSA) 
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AA P sition 



Sequence 


Antigen 


HLA 


2 STNPKPQRK 


HCV 


All 


14 NTNRRFQOVK 


HCV 


All 


43 RLGVRATRK 


HCV 


A3 


302 VQOCNCSIY 


HCV 


Al 


556 WMNSTGFTK 


HCV 


A3 


605 LTPRCMVDY 


HCV 


Al 


626 FTIFKIRMY 


HCV 


Al 



Hepatitis C Virus (Consensus Sequence) 
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7 Quantita t iv e hla ci^b^. t hin^^i y r nrf^py 

,^^,^^^«,Vf^^^y.,^ are 
°' biiiding to the appropriate dasS i ' 
Borecileis, specif ic , binding assays were establisbed. inA-A3.2 
molecules, vere purified from 6M3lp7 EBV cells by affinity 
chrcbatography using the GAPA3 nAb (anti-A3) to isolate A3. 2. 
Prior to the step, the l^isate vas depleted of BZA B and C 
Bolecules by repeated passages over a Bl.23.2 colunn (this 
antibody is B,C specific) generally as described in Exaaple 2, 
above. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, vas used. This 
peptide contains the anchor residues Vj wd Kjo, associated 
with A3.2-specific binders, described above. A Y residue vas 
inserted at position 5 to allow for radiolodihat ion. Peptides 
were labeled by the uste of the cihloramine T method Buiis et 
^1., SfilfinCfi 235:1352 (1987), which is incorporated herein by 
.-"''r«if-erehce. 

A dose range of purified A3. 2 was incubated with 10 
hM of 941.12 at pH 7.0 and 23-c, in presence of a protease 
inhibitor cocktail (i mM PMSF, 1,3 mM 1.10 phenahthroline, 73 
liM pepstatin A, 8 bm EDTA, and 2i)0 mM M ap-tosyl-L-iykine 
chldromethyl ketone (TLCK)), in presence of 1 mM purified 
human #2 microglobulin. After two days, the % bbund 
radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class li peptide>bihding 
assays in Sette et al., in Se»ln.n« -^FI1111TlinrT\- Vol. 3, 
Gefter; ad. (M.B. Saunders, Philadelphia, 1991), pp 195-202 
which is incorporated herein by reference, (see. Fig. 4) . 
Good binding (in the 60 to 100% range) was observed fot Ai.2 
concentrations ranging between 35 and 300 nM. 30% binding was 
Observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 
sensitivity of the assay, a concentration of 5-10 nM A3. 2 was 
selectedi^for further assays, in the experiment shown in Pig. 
5, 7nM A3^2 and an equivalent concentration of radiolabaled 
941.12. were incubated using the conditions described above and 
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in the presence of a d se rang of three peptides (HBc 18-27 
(924.07), a Prostat Specif ic Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). it was found that peptide 940,03 
inhibited strongly, with a 50% inhibitory concentration 
(IC50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any Inhibition up to the 30 level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high a^d 
intermediate affinity binders, respectively, while peptide 
924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of IC50's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate Kp values, it 
Should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied and 
depending on the particular reagents used (e.g., class i 

^nii^T' "'""'"^ concentrations of 

MHC will increase the apparent measured icso of a given 

avoid i-H ^'•y expressing the binding data, to 

avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less 
sensitive, the icso's of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run u,der 
conditions such that the IC50 of the reference peptide 
Increases lo-fold, all IC50 values will also shift 
approximately lo-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate 

Ze7cT: ^'"^^^ °" '^'^ "lati;e t^' 

the ICSO ot the standard peptide. 

=..^< , " °' standard peptide measured in . 

particular assay is different fro. that reported in the table 
then it Should be understood that the threshold values .Z li 
determine good. inter.«.iat.. .nd negative binders 

Should be modified by a oorresp ndtng factor. Per exa^le if 
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• ' iV:^;^^^^^^^^ then a 

pe^iae flg^^t^d «aued a.good:.biftder-oiiiy>if it had an 
1C50 Of less than 80 hM (i.e., ami x O.li , instead of the 
usual cut-off value of 50 nM. ^ 

^ . .T"^, experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class 1 specificities. Specific binding 
assays can be performed as follows « 

HIA-An-wneeif^ff flffffnv 
The cell line BVR was used as a soured of HIA. The 
dependency of the binding on MHC concentration in presence or 
absence of /5,M are shown in Pig. s, while Pig. 7 depicts the 
TJ2,T^^"^ inhibition by ^ceSs unlabeled ligand. 

Plnally, Pi, « shows a Scatchard analysis exp^iment. valu;s 
o^iS; r " 10*. active receptor weWe 

Obtained, and were r«narlcable for their sliiiiiifi^ td the 
valu^ Obtained for A2a and A3. 2. The seguenfce i tbi^Iptide 
used as a radiolabeled probe (940-06, i^ AVi,L«oiiC. 

HL«-Al-«n.e<f<n -^^^y 
in thi. MM, the EBV, cu staiBlin vu and ». 

.PPU« to p«rifl«tio„ 0, HI* .U.X.. (1... 

»MUz«i. on the tasis ot th. pool .aquoncin, d.t., con.a,«„, 

«T incubation in presence o£ protege inhibitors j A ™„h 
mustratin, tbe reXationebip bet-een » binainTi-. lUZ 

Al U ebown „ rig. 9. Pro. the deta, it «a. concluded 
that in analog vith What w«i observed tor HIA A2 , 
« littlO as ao nM ar. s«tici«,t to obt.in^."M!',":' '1; 
"^^ce or the peptide used as a radioIab.Xed"r^L oT 
i. n^A^AKV Xn th, next sat ot axperi«hts, Llpi! ' 

verified by it. inbibitLiXi^ 
«=«s u„l««ied peptide. The IC50. was ..a«„ed ,Pi,. ^ 
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120 nM. Further Scatchard analysis (Fig. ii) verified that 
the apparent f the interacti n c rresponded t 21 nM, with 
a % f active receptor c rresponding to 5.1%. 

HLA-A24 BD^nif]^ ngfTDY 
HIA A24 molecules were purified from the kt3 ebv cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized 
Their sequences are: 979-01, AYIDMVYKT and 979.02, AYIDKYNKT. 
The results of experiments in which the % bound of these two 
peptides as a function of input MHC was measured are shown in 
Fig. 12. In both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. Cold inhibition experiments (Pig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
apparent of 30 and 60 nM, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively 
The apparent % of available receptor (active MHC) were 8 3% 
and 7.4%, respectively (Fig. 9a and b) . on the basis of these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-specific binding assay has been 
accomplished, in conclusion, specific assays for the five 
major HLA alleles have been described. 



ExanplA Tff 
Expansion of m.x ft fi^^^fp 
Establishing in vitro binding assays allows one to 
readily quantitate in vitro the binding capacity of various 
synthetic peptides to the various alleles of interest (HLA Al 
A2, A3, All, and A24). This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HIA A motifs for their capacity to bind purif i!d HLA 
molecules. Typically, peptides were synthesized with specific 
HLA motifs embedded in a neutral baOcbone composed of only 
alanine residues, m. some cases, a K residue was also 
intr duced within the sequence, with the purp se of increasing 
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-PPlle^to the case f ol.ss 
Mf^lr for^e^l., ^ ^^.^^ (Jardetzky etT 

! Por exaaple, in the case Of A3.2 a >. w 

TIT T * 

po.ltl« cl«P,. «, in position a^. verify th. 
pr..^ Of th.« two «,chor residue, would .UoC! iT^.^' 
context of . p,ly » .„o««„., ^^0^* 

"ther peptides <»rryin, other hL ..tii^ 
were ,1.0 synt..e.is«, ^ tested for HIA binding. 

found thet in .11 «.es, the presehoe of the .pLi„o Z 

with ..tlMted K. coi„ri.«l Of betwe™ i,s end jTnM 
~.t the binding .ISO :iibsoibt.lV^;« . 

no bindi,^ W»s detected to irrelevent oSv't 
«=.ptIona to ^his generel rule ««^.oS^2" ^"t^ 
^ All peptides , erossreected e«««tvei^S el^o^' 
^rheps „ eomd heve been ,,.ot«. b. thVLIt :2t'Se"' 
notifs for these two alleles m reMrltahl» .li.?^ 

.nter.otir^:^'^~^^ - 

(Table 14). Thec« synthesized 

«ddf>- ^ generkted by insertl„a an 

additional Ala residue vithiit the poly a backb««! 

anchor residues are not located in posiuSrf::; To 

opposed to 2 and 9 in the previous Tabled 

Obtained illustrate that Jtifs o L::^;^^^^^ ' 

-n^:^:iSt"ir^ ^"^"^^^ 

alleles, albeit with a slightly lower efficiency 

in summary, these data confirm that both o 
10-mer peptides which contain the approprTate Jotif 

on the basis of these data, ^^J^:^^^^ 
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should also be capable f binding, even if perhaps with lower 
affinities. 

The data described above sh w that th presenc of 
certain residues in the anchor positions does allow (at least 
in a "neutral" poly A backbone) for HIA binding. To 
investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly A 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15-19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding i o.l 
relative to previously defined anchor residues), while C, G, 
and D were permitted (binding i o.Ol to o.l relative to 
previously defined anchor residues) . The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated, in position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and r should also be 
preferred. No other residue was tolerated in position 9 for 
A3 binding. 

In the case of All (Table 16) , the preferred residues 
m position 2 were L, M, I, v, A, S, T, G, N (L and Q by 
similarity) . Tolerated were C, F, D (and E by similarity) . 
In position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

In the case of A24 (Table 17) , Y and F were preferred 
in position 2 (and W by similarity); no other residue was 
tolerated, m position 9, F, I, and L were preferred (and W 
and M by extension) . No other residue was tolerated. 

m the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out 6f three anchors would be sufficient 
for binding) . This is indeed the case. For this reason, 
analogs containing two anchors were synthesized to define what 
residues might be preferred or tolerated in each position 
The data shown in Table 18 sh w that in position 2, T, s, and 
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!* .f^f .P^^f??^^^^^'^^ 9 residue is tbl^ratid. In 

..^ ^^^^^^n*^ 1^1^?^^ i«¥^f r9, only Y 

; % P^^^^ f^ n jf,t^ ^aaia^ app«u:8 to 1^ derated 
•5 (¥able 19) . 

THUS, on the basis of the data, it is concluded that 
peptides carrying any combination of two preferred residues 
can bind. Peptides containing ^iaperfect- notifs, i e 
carrying a preferred residue at one position and a 'tolerated 

LO one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Osing the 
motifs Of this invention for .various MHc class 1 alleles amino 
acid sequences frqm .various, ^iral and tumor^related proteins 
were analyzed for the p^resence Of motif s. The results of this 

5 motif analysis is shown In Table 23 a - k. 

EyanpJ.e ■ i ^ 

yg i id^tion Of m . ft pepti^iP mndina m»^.., ^.^^ ^^ -. ^^ ^ 

gf HPV 16 PenfrlH^p 
' " "r*" <HPV8) are implicated in the 

^^T^ V-"^^-^ «• ("74) Biology and 

bxochemist^ of papillomaviruses, Bey, Phy^ioi. BlochS.. 
W:lll; zur Hausen, H. (1991). Human papillomaviruses in the 

cervical cancer is the second most common cause of 
cancer-related death in females worldwide (Parkin, D. m. 

^" Estimates of the worldwide 

41^184). HPV OKA is present i„ „ore than 90* of the cervical 
n ZlT, ^'"^"^"-"^ «^ ^« genotype (Resnick, 

L H S f Tk °' Eichinger, c. H. , 

FOX, H. s., ter Schegget, J., and Manos, m. M. . (1990) . 
Detection and typing of human papillomavirus i„ archival 

D^f!!''^T*'" "^""""""^ -»Plification with consensus 

prxmers. J. Hatl. Cancer Inst; Van den Brule, a. j c 
Walboomers, j. „. ^„ „^i„^^ „^ ^ Keneaans, p., and Meijer 
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C. J. L. M. (1991). Difference in prevalence f human 
papillomavirus gen types in cyt m rphol gically normal smears 
is associated with a history of cervical intraepithetal 
neoplasia. Jjit. J. cajicer. 46:404). The ability of HPV 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
imnortialize rodent cells (Yasumoto, S. , Btirkhardt, A.L., 
Doniger, J., and DiPaolo, J. A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
J". V'lrol. 57:572) and human keratinocytes (Pirisi. l. , 
Yaaumoto, S., Feller, M. , Doniger, J., and DiPaolo, J. A. 
(1987). Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DMA. j. 
Virol, 61:1061) and to transform human fibroblasts (Smits, h. 
L., Raadsheer, E., Rood, I., Mehendale, S., Slater, R. m. van 
der Noordaa, J., and ter Schegget, J. (1988). Induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome li. j. virol. 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis, 

In general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief , c. J. (1992) . Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes. 
Adv. cancer Res. 58:143; Melief, c. J., and Kast, w. m. 
(1992). Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13:81). 
Recently in a mouse model, it was reported that somedeg^ee of 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, k., Hu, s. L., Hellstrfim, i., and 
Hellstrom, K. E. (1991) . Human papillomavirus type 16 
nucleoprotein E7 is a tumor rejection antigen. Proc. Natl. 
Acad. sci. 88:110/ Chen, L., Ashe, s., Brady, w. a., 
Hellstrom, I., Hellstrttm, K. E. , Ledbetter, J. a,, McCowan, 
P., and Linsley, P. s. (1992). Costimulation of Antitumor 
immunity by the 37 counterreceptor for the T lymphocyte 
molecules CD28 and CTLA-4. Cell. 71:1093). m vivo 
protect! n by CTL was recently shown in mouse models in which 
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/ :«»t^i*aV^tec^oh^^ cjN^S,^!^ cells. 

Pxx,c. *atl. Acad. sci. USA 88:991; Kast, W. K. , Rdic, L. 

KolaJcofski, D., andMellef, C. J. M. (19^1). Protection 
against lethal Sendai virus infection by in vivo pricing of 
virus-specific crytotoxic T lymphocytes with an unbound 
10 peptide. >roc. Natl. Acad. Sci. USA. 88:2283). Moreover in a 

IZIT^ T Protectil 
against HPV le induced tumors can be achieved by peptide 
vaccination with a CTL epitope derived f.o« the virL oncogene 

H . KV " " E7 gene product* are the most 

desirable target antigens for vaccination against HPV is 
^^^2- — -l^-^^i-d and highly expressed in HPV 
16 transformed cancer cells in vivo (Bedcer, c. j,. Phelps, K. 

LLi!! \ transcriptional analysis of human 

papillomavirus type 16 sequences in epical c^<^ 
lines. J. Virol. ei-9s7- <:i».<.w_ « . 

tO.ntltlc.tion Of the E7 protein. Proe. Setl. 

l« E7 protei,, i, req«i«4. (or Miatentoe. of the 

16 E6 r4 Schiller, J. T. [1989]. HPV 

.16 E6 and E7 proteins cooperate to -immortalize human foreskin 
T^^"^' "!^ '' 3:3905) . dependence Of inTtrr^oi:, 

main! \ =^ ^ "volvement of these oncogenes in 

»fintenarice of the phenotype of cervical carcinoma cell lines 
(Von Knebel to^h^-rn-^ i* « "•oma cexi lines 

eoei Doeberitz, M, , Bauknect, T., Bartch, D., and zur 
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S epitope. po.e„«.x v.cci„e c.„"L J, Tol ^ 

Prot.„ ..^.„ce. tor their eblnty t, Mnd J Jl Zt 
f«,u«,t hu™ MHC molecules, „„.ly hLA-ai ajT TiT, 
M4. combined these five alleles JuTL 
' -rid population (Oupont, B. L u„,r°L ^ °' 
vol. I - Histocompatibility Tes^ii' i' .^""^^"^ « «" 
York) . "l"ty Testinj. Sprxnger-Verlag, Hew 

Of , aa le* ™"= peptide, 

end oncoCet^e".: ™ :~"L''° T " " " 

::irierire btr - --LTr- - 
«.i. analyst :r;^^^^r:: ^^trr r 

for the respective ,^ alleles a^d r"eai rhe '".r"'" 

candidate CTL epitopes for use in piptide T. T 

humans in Tables 20(a)-(d) vaccine, tor 

.escribedT; ^rrvriorforrr- "-^"^ 

predict Which peptide of > P^teiTis't^lTrbtd": 
groove Of a specified HL* molecule sine! ^ '° 
unbiased set of peptides, the r^^Us of tH ' '"^ 

enalyses were used to evaluate Z".!.. oTth"^'"' 
for their predictive oapaclties^d ts """^ 

P-rticular anchor aa residues onZu onTr^^f " 
peptide. fOBitaons 2, (3) and 9 in a 

etrategiesT/ mu\tipfe' ""rr """"" ^ 

^ repeated cycles \?::i7at ,:o"r^::: 
-^c:te™^:nt:T^"^ -rtL^rr:- 

protection procedure (Gausepohl h if--*.. 
Ch., and Prank, r. w ri99oi . Z 

synthesis With BOP L vati'* ""'"'^''^ ^^^^^^^ 

peptide sy.p siu^ l l XZ' " I"" °' 

J. E. Rivxer and G. R. Marshall, Ed. 
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ESCOM, Leiden ao03-lop^,. The peptides 

:groupv-at ti^^ti::-i^^^ were .^^^f^J^ * 

V = «iae>«&aiii^i,i:6^4cit^- i^^^^ resin and 

, a^e6«8 *^xJS?pfe|- ^^^^ '^^bv^^blK t^^W With 

«i^«eou8 TFA. Peptides ^jtf^qre anaiyaed^-^^^ • 

> peptidefl j ^ oanaiing^ these 

•l™th«,l««. With .n ..l„in. iit«d Of . 

proteins ea.t .i^ eo OUf J^"^.!^'^" " 

P£ S4I> peptide of 9 l„ ,.„„r^ "lolM. A coi^i.te set 

^ . ir^t: ^'^ - = diff .Snt"^, 

bound to HLA-«, noLculJ Ti^! »' ^ 16 th.t 

•W that 2 p.ptid« bouni with hl!h^^« ,! 
OO.I), 6 Wit. int.™..i.t. .fli^^:' ?o" it r 

•ffij^ty (0.01-0.001). P.Dtid„T ' * 

•uowco^ison Of d.t."Sir.rd!r.:trj2*^°-^""-'° 

To too cone^tratlon of . «^«f«nts. 

• sq» inhibition doM lie , ' " ' l*'"^ necMoary to yiou 
to. .t«d.« IC,, iTto^^iio ' T "° « 

.«i»ity hind.„, rn:r::ir.fixri„r ^ 

1~ .ffinity hind„.. ,.^1. 20,cTd..I^ " " 

bo^nd to HL»-A11.2 BoLculi. Ill 7"^^ P«Ptid.. that 
id«tifi«,, 4 int«^i™."i„''! -1* affinity p.ptii„ 

pfptid. .ith . y .t th. ,th Poaition°,r/::^>t^:, 
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VADKALKFY) were identified f r HLA-A11.2 Considering the high 
binding strength f the first tw peptides and the similarity 
between the HLA-A11.2 »otif and the HLA-A3.2 motif in which 
Y's are preferred at the 9th aa position, tyrosines should be 
included at the 9th position in the HLA-Ali.a motif. Comparing 
Tables 21(b, and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and AU.2 molecules 
Eighteen out of 28 E6 and E7 peptides binding to these two HLA 
molecules overlapped and only 8 peptides were unique for HLA- 
A3.2 and 2 peptides unique for HLA-All.2. 

Finally, Table 20(d) describes the peptides that 
bound to HLA.A24 molecules. Here 2 peptides were identified 

bLd^ ' " intermediate affinity 

binding peptides and 5 as low binding peptides, one high 
affinity peptide (E6-72 KALKFYSKI) and one intermediate 

L"t"anVaT^^' ^^'^ identified, indicating 

that an A at the second position should be allowed in the HLA- 
A24 motif. All these inclusions are indicated in Table 2oT 
in analyzing these tables it can be concluded that between 2* 
and . high affinity binding peptides were identified rai 
Of the tested HLA-a molecules. Occasionally some peptides 
wer b di _ ^^^^ ^^^^^^^^ CE6-.^^t 

E6-79,, bound to HLA-A2.1, A3.2 and A11.2. One peptide (E6- 
38) bound to HLA.A3.2, A11.2 and A24 and two peptides (E^^S^ 
and E5-80) bound to HIA-Al, A3.2 and All.2. But ^HJ 
crossreactive peptides bound only weakly to one or more of the 
different HLA molecules, m general, however, it can be 
concluded that, except for «a-A3.2 and HIA-A ..2 moieties 
almost all HLA molecules bind unique peptides. 

validation of hla-a peptide binding motifs trith an 
unt^ased set of Biv is es and E7 peptides, 

des«.4K h"*^ the motifs for anchor positions 

lllTT " "^'^ ^« ^-ding Of a 

peptide and also the reverse: how well binding peptides 
followed the identified motifs. For this, pepLLs werl 
ranged as high binders, intermediate binders, weaTblnL^s 

zirTz: "t" -if . 

n the anchor motif rules f Table 6 were analyzed. The 
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10 



15 



20 



25 



««*wM.acea and this is Bunmacized in Tabi^ aoiiv'- 'r*. 

binders between 40 trO. 100% would be predicted a^,^ 
the HI*-* Boleoule ««lyzed. F«rther»^^r 
bindln, peptide, thet w;id J^^'-uZ.'::^^:' ""^ 
percent of thoie peptides that were predicted fa. 1,7 Tl 
actueu. did not bind 1. very lew J .r!:fe. ' 

.fflnlty. ms indicate, thet only . ^ ^^T!^ 
to b. nede to the.. potentleX^c^.*" ^^i'^'^T'" 

o;'^r;ie."1.' ,td"" -"-^""ve Velu^ior .U 

th.t,h.d not b::n*:r:ii«ed':t: :.n:t"yts^i:L'^^'"~ 

»>« (-) In Ta,le. 2lfa) - Mi . "^'1^ described notlt., 

predicted by the s , " 

• ' t*'' ^ anchor aotii^fi him j.'^^ 

IndicM^n, that havln, the right ^-ohTresidul 2' T ' 
.-ffldent for bindin, and inpUcatln, iZlXJ^^ 
^ can naxe negative contrlb„«„„ to Z b'-^ o. a 



30 



35 



-1,. -i^tr^rrt/rCcitordiTrt " -"^--^ 

"nd to the relevant HI* aim., ^r.!! •»'«^''«» to 

potential target ^Xecules'^r^^^IcIlnrS: 
aotif-containino bentiao^ ' ««inea ror the presence of 

^t^sued^and'tnei^ Jul^^JTl^^"' 
that in the case of 11 , , ^^^^'le 20) 

-na vithMTa^i"; -m-te': ^ « r"" ^ 

- with inter^diate a„i\r:i:: ^^.0 
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range), while 34.6% bound weakly (i„ the 500 nM to 50 uM 
range). Finally, 23.9% of thea did not bind at all, at least 
up to the 50 MM level. In the case of All, 33 (33%) f the 
100 peptides bound with high affinity in the 1 to 50 nM ranae 
35% Of them bound with intermediate affinities (in the 5o nM * 
range.), while 24% bound weakly (in the 500 nM to 50 mM 

triH^*./'""""^' " °' least up 

to the 50 MM level. ^ 

Similar results were also obtained (data not shown) 
in the case of Al and A24. 

The same type of analysis were also performed in the 
case Of lo-mer peptides carrying either the A3. 2, and All 
motifs (Tables 22(a) and (b)). it was found that in these 
cases, the frequency of good binders was even lower (17 5* 
and 29.8%, respectively). These data confirm the fact «,at 
Botif-containing lO-mer peptides can indeed bind, albeit with 
an general, reduced affinity. ' 

Show that'L"""""^' "^'^ -^--rly 

suff i!Jent "^'^ "-i'*"- is not 

sufficient per se to allow for good HLA binding, it is th!! 

apparent that the nature of the residues contained^ 

positions other than 2(3) and 9 (or lo) can influence binding 

The most likely explanation of this observation is Lat ^ 

presence of certain residues (in positions other Tnl 9, 

specific bTndf'''' preceding sections describe how 

contalni„rr ""h"""' ^^^hin motif- 

wanted t7d' "^'^ i-unogenic. „e also 

wanted to devxse an alternative strategy, namely to derive 
procedures that would be able to predict, withil motU- 
containxng peptides, which peptides might be good or 
intermediate binders and thereby might be immunogenic i„ 
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and -nonbinders on the :. .tfier-iv v- ..-'-i •.r.tei- --^y--- ^ 

bl^dl^ upon th. .«eet. o, different «.idu«i .t «J 

Po.ltion ,t . peptide ee^enc, i« .dditi«, to th. „otor^ 
con.erved residue.. More .peoUiclly, « utiliie ttf^J 
b«uc obt.i„.d durin, t.. .=re«^n, o/=ur coSi«ion M 

^.^ p«icui«: .11.1. «.ioh «,i^. . ..cor, f or «ch 

Mch r..idua i. telcMi .. th. retio of t*. ii.^.' 
".i-u. ih ,.od inter«di.t.^il:^*t.':^'"^ " 
— ™n=. of that r«idue in non-S^ '^"^ 

rare r.3idu.., .uch a. tryptophan, «h.r, thJ^^tL*^.: 
U.°:^lr 1 ■ .^^m.^Tra«o ~ 

^::.T.Xo"::j: r ^r:s^dro±ini- 

con.^ r..idu„ that d.fin. th.ir .otif w'^ti^r^ 
P.ptid. i. .eor«l in th. .Igorith. . product of tt!^ J 
of Mch Of it. rosiduM. of th. seorM 

^ tt. pomr of an aljorlthl. to correlat. with i,<-.4- 

" farth« und«rlin«l by if rtility to ^^7^ ^ 

Pe.=«t.,e Of thee, P.ptid::-are%orh^: ^a"-' T" 
Ur,.r percent.,. «e interx^diate hind^:h^ .tar' 
l«,er parent.,, of the peptide, predict.; ^.^.t "ar. 
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either weak or n n-binding peptides. In contrast, using the 
grouped algorithm of this inventi n a populati n of peptides 
are created with a greater percentage of good binders, a still 
greater percentage of interaediate binders, and a snaller 
percentage, relative to that predicted by aot if -containing 
peptides, are weaX and non-binders. 

The present exasple of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
each position of a peptide, it is immediately apparent to one 
of ordinary skill in the art that there are alternative ways 
of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amino acid substitutions in a motif containing peptide with a 
poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has the 
advantage of including all of the peptides in the analysis 
and not just good/ intermediate binders and non-binders 
Moreover, it gives a more quantitative measure of affinity 
than the simpler group ratio algorithm. We create such an 
algorithm by calculating for each amino acid, by position, the 
average log of binding when that particular residue occurs in 
our set of motif containing peptides. The algorithm score for 
a peptide is then taken.as the sum of the scores by position 
for each of its residues. position 

Example 1^ 

a aMratlon of ,ffrrtw. m.. ..i....., ^,^ ,, ,)^ , 

l„„,„ the use of cold t«.p«.,tur. 

incubation or .old .trippin,/p.ptid, lo.di„, .etnod to pr.p."e 
.«e^v. Hl*-.llel.-.p.cuic .ntl,.n pr.s.„tln, cells 'xp^ 
The »PC «er. u.ed to seneltiie precureor cytotoxic T 
ly»^ocytes .hich led to the development o, e„ti,en-specif ic 
cytotoxic cells. This was eccompllshed usin, either 
^ytohe..,luti«i„ ,PBA, I-cell blasts or peripheral blood 
«nonuclear cell. ,pbhc, or staphylococcus aureus co«n I 

irrarrth'™',." ™' " 

otner APC and to the ther MHC alleles. 
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i i used in 

^ •^rU.;..'-!^^*'^;^^ <^ Baiter, Phlllipsburg, 

Anti-HIA ^ (B37. 2) , cat ^82, ATCC, Roclcvllle, HD. 
Anti-HIA OR (LB3.1), from j. corga. Children's 
Hospital, Pittsburgh, pa. 

Antl-HIA Alpha chain pan ABC (9.12.1), fron r 
DeMars, Onlyerslty of Wisconsin, Hadlaon, Wl. 
Antl-aouse IgG FTTC conjugate. Cat /F28a3, slg»a, st 
Louis, KO. ^ » . 

^^microglobulin. Cat #KG114, Scripps Labs, San Diego, 

?f Action y, c?*t.#A94l8> Slg»a/ St, Louis, MO. 
50CC conlca^ centrifuge tubes,. Cat #2070, Falcon, 
Lincoln, Park, MJ. 

l-c freezing container. Cat #5100-0001, Malge 
Rochester, HY. 

Cryovlal, Cat #5000^0012, Halge, Rochester, KV. 
Dimethyl sulfoxide (OHSO), cat #02650, sig»a, st 
Louis, jffo. ^ ' 

DHAse, cat #260912, Calblochen, Sah Diego, CA 
Dynabeads M-450 goat anti-.ouse - IgG, Cat #iio."o6, 
Dynal, Great NecJc, NY. 

^«U^..ru. <PCS,, c.t «008, trvi;. scl„ti.ic, 
ncou-p.,^., ct ft««cU, PU„t.»y, 

0«tl^ci», cat /M0-575M0, Clbco, «n„^ 1,1^] 
L-Glut.».„e, ct «3X,, lr.l„..sci«tlrlc, Xryini 

OS-.KR c«,trltug., lnat™.«,t«, p.io 

V 

Hunan AB serum (hs) , Cat #100-112, Gemini 
Bloproducts, Calabasas, CA. 
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Hunan rlL-2, sand z, Basel, Switzerland. 
Human rIL-7, cat /ri-i587-i, Genzyme, Cambridge, MA. 
Isopropanol, Cat #A464-4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCELLector T-150 culture flask for selection of 
CD4+ cells, cat /8030, Applied Immune Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, ICN Micromedics 
Systems, Huntsville, AL. 

0KT4 hybridoma supernatant. Cat /CRL 8 002, ATCC, 

Rockville, MD. 
Paraformaldehyde, Cat #T-353, Fisher, Pittsburgh, PA. 
PBS calcium and magnesium free (CMF) , Cat ^17-5i6B 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , cat /HA-I6, Wellcome, 
Oartford, England. 

RPMI 1640 + Hepes + glutamine. Cat /12-115B, 
BioWhittaker, Walkersville, MD. 
RPMI 1640 + Hepes + glutamine, cat /380-24OOAJ, 
Gibco, Grand Island, NY. 

Sodium chloride (NaCl) , Cat /3624-OS, j.t. Baker, 
Phillipsburg, NJ. 

Sodium (Sicr) chromate. Cat /NEZ 030, HEN, 
Wilmington, DE. 

Sodium phosphate monobasic. Cat /S9638, Sigma, St. 
Louis, MO. 

Triton X-IOO, cat #X-100, Sigma, St. Louis, MO. 
24 well tissue culture plate, Cat /3047, Falcon, 
Becton Dickinson, San Jose, CA. 

96 well U-bottomed cluster plate. Cat #3799, Costar 
Cambridge, MA. ' 

culture Medium, pha blasts and CTL inductions were done in 
RPMI 1640 + Hepes + glutamine (Gibco) supplemented with 2 mM 

ITT^Z ^<=i-^i^ic)^ 50 ,g/ml gentamicin (Gibco), 

and 5% heat inactivated pooled human Type AB serum (Gemini 
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: t8™I/5% SS,,.. m tr«afoi«d-lJitBSw.stoia 

(irvln. sci„tiftc) tB«I/io*.pes,,. ebrSMiuk re W. 

vm parfoTud in RPKE/m res. "My" 

concantratipn of lo ng/ai. 

I.61.itioii or PM-lpharal Wood lfoiianoc2«ir CSJI. /pjb,/., ^ , 
bXo«. «. o,X,«=t«. i, .ep„i„ . ,„ OonS:C2;C 

la o, the buffy oo.fe ooilieted wiiS. . io la pipettT 
using . clreuli^: .otion. Th. iMf fy eoit ia, iiirii |w' ^ 

M,»t? i ^ t«,V«.tur. with th. bralci ott. Shi 

=«.t.ini„g, th* rami ooii.ct.d 

«^.^««,., pipet (two inter*.... per s^cc tuhe,^ 
"0 rising ?«,c. ; pbhc ,r6.W .t io >■ io« 

o«U./« ot »0« res t 10% OMSO (Slmi) , in i .w ! 
"Jrrbviu. ,K.i,e,. Cryovi.l. v„e'^i;.a i^.S^\^'!»'"^''» 
containers (Hsloai . F'.=«a in ctyo l-c treszinj 

St -70.C V^iZ """inin, i.,prop™,l (Pi«,er)>,d pl.ee/ 

70 c fro. 4 br (nlntoum) to overnight (i,aimm) 
I«prop«,ol W.S Changed «ter every 5 usei cS^ ' , 
tr^^ed to U^l. nlt^en .o7l0n, 

-^^"^^T^'lrTZ^J, -ri>,e-l,t.ly 
<to avoid cWng, "lh"^r":nd~:^2"l:r " 
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D pletion of Lymphocyt Subpopulations . CD4 lymph cyte 
depletion was performed using antib dy-coated flasks: 
MicroCELLect r T-150 flasks for the selection f CD4+ cells 
(Applied Inaune Sciences) were washed according to the 
manufacturer's instructions with 25 ml PBS CMP + i mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5t hs 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPMl/5% HS 
containing 30 ng/ml DMAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10^ cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for l hr at room 
temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 
CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PHA Blasts. PBMC were isolated using the 
standard Ficoll-Paque protocol. Frozen cells were washed 
twice before use. Cells were cultured at 2 x 10* /ml in 
RPMI/5% HS containing i ng/ml PHA (Wellcome) and 10 U/ml 
rlL-2. PHA blasts were maintained in culture medium 
containing lo U/ml r lL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture. 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Acid Stripping/Peptide Loading of PBMC and PUA Blasts, pbmc 
were is lated using the Fic U-Paque prot col. when using 



wo 94/03205 , 

' PeT/US93/0742I 

75 

5 c c«,tri£u,. tub., th. =.11. „„. r..„p^^ Tl^,., 

in cold citr.t.-ph.„ph.t. b«f«: To-irTS.! !/ 

f • = />^=ro,lob«lt« (scripp. Lab.), UT' 

»-«^t«i for a o, ic. I^atoly, 5 «.l„.e. o, 
.t«rll. noutralUln, buf£«. « (o.is m .odlu. pbo.p,rL~ 

c pH ,.5, 1, ,SA, 3 .,/^ tf^crclobuL, '^'^,,^ 
Wtld., war. .6^^, ^ the =.11. war. p.ll.t.a .t 1500 ^ 

»,ia^o,iob«ii„, „ ^ i^^T;^', 

.'"^'^'•ly » ¥ »5f/.l irr.«.t«l with «obo c„ 
t^^f ;^^S««' " 15.P rp.^or 5 ^ .t 

"riW«i/|K.ptld. 10.4.^ i^u^' ^ 

Indufctton cultuiM (b.iow). """""ly in th. cn, 

*.tolo^ or ^ Bl^ts „ Sti«ulf^ '?^f: 

•tWppins/p.pttd. loadinj of PBHG Md mx 

•bov.. Durino u>. i..* Ik . " ™* «« d..orib.d 

with ..»t^ * to insubatiow Of .ti»«i.tor cll. 

r:r::d::':^, r:^- rr- - 

=-i*ur. put. (Piioon. B.=ton DickiL^, l^'ZT 

:::Sti^-rryv-j:-'£^^^^ 
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100 Ml culture medium c ntaining 200 ng/ml rIL-7 vas added to 
each well (20 ng/well rlL-7 final), on day lo after 
induction, 100 nl f culture medium containing 200 0/ml rlL-2 
was added to each well (20 U/well rIL-2 final) . 

Antiyen RBstlmulation of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 
were pelleted and resuspended in culture medium at 4 x 10*/ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37«c, 5% co . 
Non-adherent cells were removed by washing each well three ' 
times with serum free RPMI. After this step, a 0.5 ml culture 
medium containing 3 Mg/ml /Jjaicroglobulin and 20 nq/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 37-c, under 5% COj with the peptide and ^amicroglobulin. 
Wells were aspirated and 1 ml of responder cells at i.s x 
10*/ml in culture medium was added to each well. After 2 
days, 1 ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 

cytotoxicity chromium Release Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
the cultures was assessed. 

Effector c^ii Pr^«.t..»^^n. 

the responders, 

which at this stage are renamed "effectors", were centrifuged 
and resuspended at loVml in RPMI/10% PCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 
target ratios of 100:1, 33:1, and 3:1. Effector cells 

were aliquoted at 100 Ml/well on 96 well U-bottomed cluster 
plates (Costar), in duplicate. 

Target C«»n Prapflm^j^n - Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 
10 /ml in RPMI/10% PCS in the presence or absence of 3 ^g/nl 
^jmicroglobulin and 10 /xg/ml total peptide. After 
preincubati n, target cells were centrifuged and pellets were 
resuspended in 200 m1 (SOO^Ci) s dium ("cr) ohromate (HEN) 
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?r*"" tf^® irt;, 33^G,jrpr: lvhriwith agt^tibhi 

J^^^i^^ ta^^^ cel^.^ wsjcas4W|ighedf3=«tlaea^%^tif^Hffti pes. 

: Set^ino'^Op. .A«cflYp» Tar^e^ «e!tl -concentrati n 

was a4j|u«^e^| tq^^^ aiid iftfo mI alfquots 

were added to each well containing responders. KS62 cells 
(cold targets, to block MK, and lAK activity) were washed and 
resuspe^ded in REMI/10% FCS at lo'/nl. Aliquots of 20 Ml were 
added per well, yielding a 20:1 of cold KS62 target: labelled 
target. Por the detemination of the spontaneous *^cr 
release, 100 nl/vell of RPMI/10% FCS were added to 100 /il/wcll 
of labelled target cells, and 20 Ml/well of K562. For naxinuD 
*^Qr relekse, 100 nl i% Triton X-lOQ (Sigma) in PBS cmf, was 
added to thie lOQ Ml/well labelled target ceils>i and 20 Ml/well 
KS62. Plates were qentrifuged for 2 ain at 1200 rpa to 
accelerate cell cpn jugate fomationi Assays vere incubated 

^ l^ .^l ^^*^' '^^ ^P2' Assays were harvested b^ 
centrifu^&g plates for 5 min at 1200 rpm ahd collecting lOO 
Ml/well biC supernat^t. ,Stan<^rd gaama counting teeShniques 
were iised to detern^e percent specific lysis (Mi»oaiedic 
automatic igama counter, 0.5 min per tube) . 

cultured cell Lines, jy, a hia A2.1 expressing htnnan 
EBV-traft^formed B-c^ll line, was grown in RPMI/10% PCS. K562, 
a KK cell^sensitive erythroblastoma line was grown in RPMI/10% 
FCS. K562 was used to reduce background killing by NK and LAK 
cells in the chromium release assays. 

Peptides. The peptides used in these studies were synthesized 
at cytel and their se^ences are described in Table 24 a. 
Peptides were routinely diluted in 100% DMSO at 20 mg/ml, 
aliqiioted, and stored at -20»C. 

FACS Analysis. Approximately 10« cells were used for each 
antibody that was to be tested, cells were washed twice with 
PBS CNU + 0.1% BSA. To each sample, 100 m1 pbs CMF + 0.1% BSA 
+ primal^ antibody at 2 ng/nl (BB7.2, ATCC) or (9.12.1, 
inserm-dms, Marseille, France) or (LB3.1, Children's Hospital 
Pittsburgh) were added. A negative control was always 
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included, cells were incubated on ice for 20 nin and washed 
twice with PBS CMF + 0.1% BSA. Cells were resuspended in loO 
Ml anti-mouse IgG FITC conjugate (Sigma), diluted l;50 in PBS 
CMP + 0.1% BSA, and incubated 20 min on ice. Cells were 
washed twice with PBS CMF + 0.1% BSA, and resuspended in PBS 
for FACScan (Becton Dickinson) analysis. When it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher) and 
analyzed within one week. 

Binding Assays Using Intact Cells and Radiolabelled Peptide. 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer /l as described above, jy control cells 
were left untreated in tissue culture media. After treatment 
both cell populations were washed twice with serum free rpmi 
and loaded with "^i.^^^ioi^belled 941.01 (HBcl5-27) peptide 
(standard chloramine T iodination) . To determine binding 
specificity, 2 x 10« cells were resuspended in 200 ^1 
neutralizing buffer #2 (described above) containing 
«*l-941.0l (los cpms) +/- 100 ng unlabelled 941.01. cells 
were incubated for 4 hrs at 20-C and washed twice with serum 
free RPMI to remove free peptide. Cells were resuspended in 
200 m of serum free RPMI. In a microfuge tube the cell 
suspension was layered over an 800 m1 PCS and pelleted by 
centrifugation for 5 sec. Supernatants were aspirated and the 
radioactivity remaining in the pellet was measured (Micromedic 
automatic gamma counter, 1 min per tube). 

ExamplA 

trea«:Tn.»nt , 

Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used by various groups to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is unique in that only the MHC 
Class I molecules are destabilized (and peptides released) 
While all other surface antigens remain intact including Mlic 
class II molecul s. M st imp rtantly, treatment of cells with 
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^ "^^^^^^/^^W^^ thi&.exaH»R-le:da „bt<*f^ect the 
°*"!^J?S?^:^?3r. »et^.<^ic st^t^et.,. - The- treataent 

^.^^^.^^.^i^mP^Pf endogenous peptides- occurs in 
<^ mtoutes at 4 .Ci ap4 ,1t^e , APcasL. !^^^ 

furictibh after the appropriate peptides^ are loaded; m this 
exaaple.we utilized the technique to sake peptide specific 
APC6 for the generation of priaary antigen-specific CTL. The 
resulting APC were efficient in Inducing peptide-speciflc C08+ 

CTL. 

IfeasureiDents FACS Analysis. , PBA-induced T-cell blasts were 
acid stripped/peptide loaded accordiiig to the methods 
destnribed in ExMple IS. The resulting cells w^e stained for 
FACS analysis using anti-BttA-A2 (BB7.2) and anti-HIA alpha 
chain-specific (9.12.1) nonodonal antibodies. Controls for 
this experiment included the same cell population- whifch was 
not treated at pH 3 (but treated with PBS buffer at 7 2) 
«id With cells treated with citrate^phosphate buffer i to 'strip 
o^nt^""' ''I' »-tr.li«ed in the abs^ce of /^,«icro*l6bdin and 
peptide. The results presented in Figure 15, indicate that 
treatment of thes^ cells with the citrate-phosphate (pH3, 
buffer significaritly reduced (lO-fpld) the reactivity of the 
cells toward both anti-HIA class I antibodies albne 
(anti-HIA^A2 and the alpha chain specific), but not towards a 
aonoclonal antibody specific for class II mhc molecule^ 
(anti-HLA-DR) . Host importantly, neutralization of the 
acid-stripped cells i„ the presence of ^.micrcglbbultn hnd 
peptide resulted in preservation of a significant amc^unt of 
class I MHC antibody-reactive sites, with only a 2.5-fbld 
decrease in fluorescence intensity. Importantly, the 
acid-treated cells r«»ained viable, as measured by trypan, blue 
exclusion and forward/ lateral FACS- scatter analysL^^^i^^ 
results were Obtained using BBV-transformed B cell lines, 
fresh (or frozen) Pbmc and other peptides (which bind to 
either HLA-A2.1 or HLA-Al) (data not shown). 

Binding^ i^adlolaheled Pepti<ies to JEmpty mbc Molecules. To 
determine the efficiency of peptide loading using the cold 
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temperature incubation or acid stripping/peptide loading 
prot col, JY cells (an HLA-A2.1 EBV-transf rmed B cell line) 
were preincubated at 26 'c vernight r acid-stripped to rem ve 
the endogenous MHC-associated peptides and the loading of 
exogenous peptide vas determined using a "Si.j.^,jioi^j^^^ 
HLA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells. 
Furthermore, the binding of labelled peptide vas completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . 

in Vitro induction of Primary Antigen-Specific CTL Using Acid 
Stripped /Peptide Loaded APCS. Additional critical parameters 
for the induction of primary CTL using both the cold 
temperature incubation and acid strip protocol are: i) 
enrichment of CD8+ T-cells in the responder cell population 
(or depletion of CD4+ T-cells) , 2) addition of rIL-7 to the 
CTL induction cultures from day o, and 3) rest imulat ion of the 
cultures with antigen on day 12-14 using autologous adherent 
cells pulsed with peptide. Results presented in Figs. 16 and 
17 show experiments performed using PBMC and PHA-induced T- 
cell blasts as APC. Figure 18 shows experiments using PHa- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 



Examm*. 1^ 

In order to identify CTL epitopes, CTL was stimulated 
by SAC-I activated PBMCs as APC. Cold temperature expression 
of the MHC in which class i ^-^-microglobulin complex is 
unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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,Cul^ Me4im., •n^^t^^ aal^^ ^^ ..ed in 
^^JT^ ^^^^ ^ ^^.iiih iifei^ W Ugiutumine 

penlcaii^/steeptomycin (Irvine),^ 5* heiit-lriictivated 
Hu»an serua Type AB (RKlI/5% hs; Gemini Bioproducta) cui^ 

10% heat-inactivated fetal calf seru. (R«a/xo% PCS, 1^"' 
Instead of huaan serua. -trvxne) 

^okines. Recoabinant huaan InterleuJcin-2 (rlL^2) and 
Xnterie^^n-. (.XW, were obtained f.oa sJoz ahl at a 

final concentration of 10 0/al and 10 ng/al, respectively 

interferons reco^inant huaan intLxeLn-^ 

(rlL-7) were obtained froa Genzyae and u^ed kt 20 u/al and 
ng/al, respectively, _ ° 20 u/al and 10 



Peptides were synthesized at cytel arid are 

KHU/lOt PCS, «„ used for redaction of baclt^found kiiilno 

-i,™, «1 „r. L'r;rlt ^no??es"' 

J^olaMoo Of J.eripl.ar.2 Wood «onoi>uclear Cells rPBHC, ' 
Wote blobd wii colleoted into fcep.ri„ oontli^L ! 
-pan in 5.0c tub.. « flLin SS^t^Wor'Ts 

«.t «.^ coU.=ted With . pip.tt. . ^tlL ' 

«.e huffy ooat «s ml^d well and dlluL vlT," " 

Of ^. Tne buff, coet ,3. .1. ^ Til T7 
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Ficoll-Paque (Pharmacia) and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25-c, with the brake off. The interface 
between the Ficoll and th plasma containing the PBMCs was 
recovered with a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of RPMI (1700, isoo 
and 1300 RPM for lO minutes) . cells were resuspended in 10-20 
ml Of culture medium, counted, and adjusted to the appropriate 
concentration • 



Freezing PBMCs. 30 million cells/tube (90% PCS/10% DMSO- 
Sigma) were inserted into a Nalgene Cryo i-c Freezing 
container containing isopropanol (Fisher) and placed at .7o«c 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was Changed every five times. Tubes were transferred to 
.ixquid nitrogen for long term storage. To thaw, pbmcs were 
continuously shaken in a 37 -c water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time) 
ceils were diluted into serum-free RPKI contaiLg 3o V,T ' 
DNase to prevent clumping by dead cell DNA and washed twice. 

induction Of Primary CTL Using SAC-J Activated PBHCs as APCs 

«. PrgparfltlPn of ftPr -r: PBMCs were purified using the 
standard Ficoll-Paque protocol and resuspended at i x lo«/ml 
in RPMl/5% PCS containing 0.005% Pansorbin cells (SAC-I cells 
' ^^*»^«*-> ' 20 Mg/.l immunobeads 

TWO ml Of cells per well were plated in a 24-well plate 
(Falcon, Becton Dickinson) and cultured at 37.C. After 3 

ti»!' Tl''^^''^ ^««»»ed three 

times followed by addition of RPMI/io% HS. The cells were 
used after culturing for an additional 2 days in RP„i/io% HS. 



APCg and n^^nttd^ ir ntl lm rf n r rn, 

1. Cold temperature incubation: 

a. Expression of empty HHC in APCs: The apcs 
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*^ in coi«>lete 

\r*^*^^»^»^.%^fM5? human IFH-y, 

• -atod 3 Mr/iir^02-gc?^lobul4n a^ut ^ej^^.^ . ^^e cells 
- wtefe tJien of 5% 

COj. it sHould be noted that these cells only dxpress a 
fraction of Class 1 aplcculea in the eapty state (-10%) . 

b. Peptide loading of APC stiiulator cells: 
Ea^jty Class I expressing APCs were washed 1-2 times with 
senm free REM (+ wiutamine and Hepes) and resu^pended at 1 
X 10 in serum-free RPMI containing SO jig/nl tbtal of the 
peptide pool (i.e., 16.7 Mg/»1 of each peptide in a pool of 
three; 25 ^g/al of each peptide in a pool of two; 50 ng/ml of 
Individual peptide), 30 Mf/«1 DHAse, and 3 p^/ml^^. 
Following a 4 hour incubafcipn at 20^C, the cells Were 
:toradiated at 610Q rads (5 x 10*/ al; 25 million cells/tube) 
washed and adjusted tp thp fipprppriate - cohcentratibi^ f or ' 
addition to the induct:4.j3n frulture (see below) / 

2. Acid stripping: This was us^d'is an 
^alternative method for generating empty mhc on the surface of 
the^APCs The SAC-i activated PBMCs were washed oWce in cold 
0.9% sodium chloride (J.T. BaJcer) containing 1% BSA. The 
ceils were resuspended at ipT/al in cold cliirate^gkosphate 
buffer (0.i3M L-ascorbic acid (J.T. Baker], 0.b6M sodium 
Phosphate monobasic [Sigma], pH3) containing 1% bsa and 3 
Mg/al and incubated on. ipe. After 2 minutes; 5 volumes of 
cold 0.15M sddium phpsphate mpnobasic bufffer, pH7 s 
containing 1% eSA, 3 >ig^ml and 10 Mg/»1 peptU^ 

iri5^o''p^! "^'^ ''^ yas added and the celli centrifuged 
at 1500 RPK for 5 minutes at 4ec. The cells were resuspended 
in 1 ml Of cold PBS containing 1% bsa, 30 .xg/ml DHase, 3 Mg/ml 
^.microglobulin, and 50 Mg/«1 peptide [neutralizing buffed «] 
xncubated for 4 hours at 20.C. Asabbve, si^seguent to 

Soo r '"T"""'' '^'^^ i^adiated at 

adilr^/ " " ^ " cells/tube,, washed, then 

inl^r ^PP-P-i>te concentration f 6r addition to the 

induction culture (see below). 
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Prgparatlon of the cn4-i- dppi>.<-^,^ p sMc r,.«:p ^n ^rr r rll 
poptt l fltign f^lfplgtion of ivfflDhQgviTA «i i ^ - Dopui;.^^ ^nf nrim 

AIS f Inm) , AIS Micr Cellector T-150 flasks (specific 
for the depletion of CD4+ T cells; Menlo Park, CA) were 
primed by adding 25 ml of PBS/i dm EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed i time with PBS/EDTA, 2 
additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed lin 
serum-free RPMI (+ L-glutaaine + Hepes) containing 30 ^g/ml 
DMAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 /xg/ml DNAse. After 1 hour at room 
temperature, the flasks were rocked gently for 10 seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 
flasks were washed 2 times with PBS. The CD4+ t cell depleted 
PBMCS were centrifuged and counted for addition to the 
induction culture. The CD4+ and CD8+ phenotype of the CD4H. 
depleted cell population was determined by FACS analysis (see 
below). In general, this technique resulted in a two-fold 

iTsTZl ^ "'^ approximately 

40-50% CD8+ T cells and 15-20% remaining CD4+ T cells 

following depletion of CD4+ T cells. Depletion of CD4+ T 
cells can also be accomplished by antibody and complement or 
antxbody coated magnetic beads (Dynabeads, . Depletion of CD4. 
L» k! enriching CTLp and removing 

cells Which would complete for cell nutrients and may 
interfere with CTLp expansion. 

, J' ^ "<*«gt1Pn Of PTimry rrr ,. During the 4 hour peptide 
loading of the stimulator Apcs, CD4* depleted pbmc to be used 

for^Ile!!r'" P^P-ec* utilizing AIS flasks 

for selection of CD8+ T cells through the depletion of CD4+ T 
cells (above) . The resp nder cells were plated at 3 x lo^ml 
in a 1 ml volume (24 well plate) and placed at 37.C until the 



-0 
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peptide loaded stiniaatoruAPCswer*-*^^^^ w . 

^T«L ItlSl^'S' •^ :*^«"> Pl.t«l into 

plated In each well » i «t"»uiator. cells were 

n e«« yell, a final concentratibh of lo fig/ml of 
additional peptide was added in addition to lo ng/^Vinll 
► concentration of rlL-T (2 »1 total volume) . dn LT7 

PBHC. „«. th,v«i into 

•«h, thi PBMC wore r JiiJ^ ^' '^'^^ » 

P.r well o, ^ r4".u olat. «« «<.<.«. 

hours .t ,7.' w.*L f » 

containing ,0 „/.i ".L ' " "-i- 

'•AS *laiy»is. Ona million e.lx»/tube »«re o.„»,-. 

not poaaibu to analyia samplaa .ithin 1-2 days. 
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cells were fixed with PBS containing i% paraformaldehyde 
(Fisher) and analyzed within ne week. 



cytotoxicity Assay 

Tarqgt gfll PrgPflrntiPn . Approximately 16-20 hours 
prior to the CTL assay, target cells (Class I matched 
EBV-transformed lines) were washed once and resuspended in a 
10 ml volume at 3 x loVml in RPMI/5% fcs In the presence or 
absence of 10 ng/nl total peptide. 

**• ^ 'flfre li nq 9f tarqgt npllff ; Target cells were 
centrlfuged and resuspended in 200 ^1/tube sodium sicr 
chromate (NEK), then incubated at 37-0 for i hour on a shaker 
Targets were washed 3 times (lo ml/wash) with RPMI/io% fcs and 
resuspended in 10 ml (to determine the efficiency of 
labelling, 50 ^1/target was counted on the Micromedic 
automatic ganaa counter) . 

adjusted to 2 X xo'/.! 
and 50 ,1 Of th. C.U culture we. .dded to ..ch well of . 
D-bottoMd 96-w.u Plate (coeter corp.) for . fi„i 
eonc«,tr.tion of l x loVwell. IC5«2 cell, wete weehed 
r..uepended et . . loV.l, .„d .v„ii .Jl^Z tT' 
"n.l co„ee„tr.tion of 2 x 10»/well (r.tio of cold K562 to 
t«,et we. 2011). Reeponder cell, were w.«,ed once 
r..u.p.„a«, et 9 „ io«/Bl, .„d three fold ..rUl dilution. 

performed for effector to t«,.t retlo. of ,o:i !o t 
ITil -dded in . volu« Of ioo 

■>P»'="— role..., 50 «l/!eU Of 
lebelled t.r,et coll., 50 „l/well K562. end 100 Ml/.^!" ' 

l^Z T ° °-" '-iton-xioo (Slje, v.. 

.dd«i Pi.t„ «re centrlfuged for 5 .inute. et 1200^ 
Following . 5 hour incubetion at 37.C olat.^ 
eo.il, « .< ' P"'*" cantrifuged 

again for 5 minute, at 1200 PPM, and 100 »l/well of 

«.pernat.„t „a. collected." standard counting techni™.. 

(Micromedic automatic gamma counter, 0.5 minutes/tL, TeT 

«i...e.cpm ...imum r.leaae TlT' 
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A cyt:ot xldty assay (CTL assay) was considered p sitive if 
the lysis by CTL of targets sensitized with a sp!c!f L oeoL- 
at t.e two highest effector to target CH:T) rati: 1 IT 

5 without peptide, . a cytotoxicity assay (CTL asHy" Hi 
considered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 
to target (E:T ratios was 6% greater than lysis L con^oi 
targets (i.e., target cells without peptide,. 

» d. Beauts. Of the peptides that bind* to the indict*- H 

alleles, . of the « hage peptides, lo of the .S^^'::::^ 
3 Of the 2S HCV peptides, and 2 of the 20 HBV pep^eHest^' 

iuitattr:^^''^ ^ ^ -™tiv:\:::r 

Illustrating ca, responses to various ii«Mmogenic D.„i.<H 
-.own for HAGE (Mjur, «, , (Figure iT^Tcl ^ 

(Figure „. «.ecTLin*.ct!^<,:^'jrs^:r:' 

T^l. 24 «,ich list, the l»«»c,«U= p.ptW.nMr^i.'t 
the appropriate Mit<? < V. *'»-'^aes Which bind to 

T«H* induce priaary CTL in vitro. 

«la strip io.a«i tecknl^eZLra TtK J.°trr" °' 
t«>P«at»re W^tlon teehni,p.e (jieSel b) . 

Although tlie present invention has been d..„,.k.^ . 
so« detail b, way Of lllustrati«, and exa^rL^"^" " 
Clarity and underst«,din,, it will b. applet Zt^T 
chMgas and «»lifictions may be practiced ^T^k 
the appended claims. " Practiced vithin the scope of 



wo 94/03205 



88 



PCr/US93/07421 



TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 




20 



25 



30 



SEQUEHCE 
AADKAAAAAY 
ATAKAAAAAY 
ATDKAAAAAY 
ALAKAAAAAV 
AKAAAAAAAK 
ATAAAAAAAK 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 




MOTIF 
Al 
Al 
Al 

A2.1 
A3. 2 
All 



45 

56 
4.0 
NO 
KD 



A3. 2 



1100 
10000 



1400 



•A dash indicates an ic 



All 



1030 
4533 




50. greater than 20,000 nM. 
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TABLE 15 
HLA.A3.2 



5 



10 



15 



20 



25 



PEPTIDE 


1 SEQUENCE 


j AVERAGE RATIO TO 952.25 j 


SUBSTlTUriOM 


»52.2S 


J AIJUUUUUJC 


\" ' 1 






1 AMMUUUUIK 


1.2 J 


posicion 2 


952,23 




0.95 1 




961.041 


1 ASJUUUUUUC 


0.69 I 




952.24 




A 1 - 

U . 57 1 




952.27 


j AMUUAAAK | 


0.57 1 




981.0fi 


1 ATIUUAAAK j 


0 49 1 




961.08 


1 AFAAAAAAK | 


0.13 j 




961.09 


1 AGAAAAAAK 1 


0.077 j 




981.13 


ACAAAAAAK ] 


0.031 1 




981.12 


, AOAAAAAAK 


o.oiV 1 




981.11 


AMAAAAAAK 


0.0010 1 




981.05 


AKAAAAAAK 


<0.0016 j 




981.07 


AYAAAAAAX 


<0.0005 1 




981.10 1 


APAAAAAAJC 1 


<0.6006 j 




952.35 1 


ALAAAAAAR 


0.46 j 


poslcion 9 j 


981.36 1 


ALAAAAAAY 


0^15 j 




981,33 


ALAAAAAAA 


0.0034 1 


' ^ 


981.35 1 


ALAAAAAAQ 


<0.0006 1 




981.37 { 


ALAAAAAA5 


<0.0005 1 




981,38 j 


ALAAAAAAT 


<0.000S 




981\34 T 


ALAAAAAAN 


<0.0005 




981.39 j 


ALAAAAAAE 


<0-0003 J 
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TABLE 16 
HLA-AII 



10 



15 



20 



25 



PEPTIDE 


SEQUENCE 


AVERAGE RATIO TO 952.25 


aUBSmVTlON 


I 952.25 


&f Air 


1 


• 


952.26 


AMAAAAAAX 


2,5 


position 2 


j 952.27 


AAAAAAAAX 


1.1 




952.24 


AUUAAAAX 


0.72 




981.06 


ATAAAAAAK 


0.55 




981.04 


ASAAAAAAK 


0.46 




981.09 


AGAAAAAAK 


0.38 




1 952.23 




0 .23 




1 Q&1 1 1 


ANAAAAAAK 


0.23 




1 981.13 




0 . 019 




981.08 


IT 


0.020 




981.12 


&n&&ft A A K V 


0.012 




981. OS 


AKAAAAAAK 


0.0065 




981.07 


AYAAAAAAIT 


<0 . 0065 




981.10 


APAAAAAAK 


<0.0051 




952.35 


ALAAAAAAR 


0.015 


posicion 9 


981.33 


ALAAAAAAA 


<0.00S9 




981.34 


ALAAAAAAW 


<0.0071 




981.35 


ALAAAAAAQ 


<0.0051 




981.36 


ALAAAAAAY 


<0.0071 




981.37 


ALAAAAAAS 


<0.00S1 




981.38 


ALAAAAAAT 


<0.00S1 




981.39 


ALAAAAAAE 


<0.0071 
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TABLE 17 
HLA-A24 



5 


PEPTZO£ 


SEOOENCE 


AVERAGE RATIO TO 9 At f^^ 


1 SUBSTtTUTION 








I 






963.08 


APAKAAAAP 


0.24 


position 2 




983.09 


AMIOUUAP 


0.0056 






983.10 


AAAKAAAAF 


'• o titi^y 




10 


1*83.11 


AlOUOUUVAP 


<0.9012 


> 




983. OiS 


AyAic;uuui2 


o>io , 


posicion 9 




. 963.04 


AYAKAAAAL 


:0.11 






983.06 


AtAKAAAAV 


0.0023 






993.02. 


AYAKAAAAA 


<0.0013 




15 


963.03 


AYAJCAAAAY 


< 0.0012 






?83,07 


AYAKAAAAK 


<0.0012 
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10 



15 



20 



25 



30 



TABLE 16 
HLA-Al 
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TABLE 19 



HLA-Al 
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TABLE 20(A) 

HPVI6 E6 AND E7 PEPTIDES BINDING TO HLA-Al 



10 



15 



20 



Orgin 


First AA 
Poaicion 


Sequence* 


Binding Ratio 
to StandArd* 


56 


80 


XSEYRHYAY 


3.S00 


B6 


69 


VWKXLKFY 


0.240 


B7 


44 


GAEPOfUHY 


0.029 


E7 


37 


EIDCPAOOA 


0.02S 


E7 


19 


TTDLYAYEO 


0.023 


B€ 


144 


MSAARSSRT 


0.019 


E7 


73 


HVDIRTLEO 


0.014 


E6 


139 


VrrCRAMSAA 


0.010 


E€ 


61 


YROCNPYAV. . 


0.008 



Bold A., indicate residues in which cyscexne waa replaced by alanine 
The average ICjo value .SE of che standard in the course of the 
experiments considered in this table was 81.30 nM. Listed in the table 
are peptides ,ieldin. ratio values of .0.001. All other pe^ie 
yielded ratio values of «0.00l, P'^^es 
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HPVi6 E6 and E7 Peptides Binding to HLA.A3. 



Origin 



Pitac aa 



PosUion sequence- VonSid^r^? ...'^PA^/ 



10 



15 



0 



£6 
£6 
£7 
£6 
EC 
Z€ 
£6 
£6 
£6 
£7 
£( 
£6 
£6 
£7 
£6 
£6 

£fi 

£€ 

£6 

£6 

£6 

£6 

£7 

£€ 

£6 

£7 



107 
59 
89 
33 
V12S 
143 
7 

93 

37 

51 
145 
75 
89 
52 
,80 
43 

97 
79 
84 

69 
146 

58 
38 
67 
60 



LIRAINAQK 

IVAPIASOK 
riLEAVYAK 
HLDXXORFH 
AMSAARSSR 
AMFODPOER 
TnXOQYNK 
XVYAKQOLL 
HYWIVtFAA 
SAXRSiSRTR 
KFTSKISEY 
SLYCTTLEQ 
WIVTFAXK 
ISEYRHYAY 
OQLLRREVY 
AVAOKALKF 
OOYHKPLAD 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRJl 
AAJCADSTLR 
VYAKOOLLR 
YAVADKALK 
KADSTLRLA 



.7000 
3.0000 
2.2000 
1.5000 
0.4400 
0.1800 
0.1000 
0.0760 
0.0320 
0.0210 
0.0200 
0.0100 
0.0080 
0.0067 
0.0064 
0.3038 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.9016 
0.0012 
0.0012 
0.0012 



JfelS^Snf^f y'-\'^^-9 rild^'tlilTi't :t\ll*' ^\ '•""<1 m^Se cattle 
yielded ratio values of .o.ooi. All other peptides 
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Table 20(C) 
HPV16 E6 and E7 Peptides Binding to HLA-AI 1.2 



10 



15 



20 



25 



30 



Orgin 


Pirsc aa 
Posicion 


Sequence* 


Binding Racio 
CO Scandard^ 


Motif 
Prediction 




J J 


I I LEA V YAK 


6 .7000 


♦ 


E6 


93 


TTLEOOYNK 


1.6000 


♦ 


E7 


69 


IVAPIASQK 


l.JOOO 


♦ 


E6 


7 


AMFQOPOER 


0.6400 




B€ 


59 


IVYRDGNPY 


0.4700 




BB 


80 


ISETRHYAY 


0.4300 


- 


E6 


37 


AVYAKOOLL 


0.0450 


E6 


145 


SAARSSRTR 


0.0330 


♦/- 


E$ 


107 


LIRAINAQK 


0.0120 


• 


E7 


58 


AAKAOSTLR 


0.0110 




E6 


42 


CXJLLRREVY 


0.0084 





E6 
£6 
E7 
E6 
£6 
£6 
£6 
E7 
£7 



143 

79 
67 
52 
66 
69 
38 
140 
90 
SI 



AMSAARSSR 

KISEYRHYA 

YAVAOKALK 

YNIVTFAAK 

AVADKALKF 

VAOKALKFY 

VYAKOOLLR 

TCRANSAAR 

VAPIASOKP 

HYNIVTFAA 



0.0084 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



Bold A's indicate residues in which cysteine was replaced by alanine 
Soerrmln?^ ^^50 value ,SE of the standard in the course of the 

BracKecs indicate score according co adjusted motif. 
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10 



15 



20 



25 



Orgin 



Table 20(0) 
HPVl6 £6and E7 Peptides Binding to HLA-A24 



First aa 
toaicion 



87 
72 

131 

49 

49 

82 

26 

€6 

X 

85 
44 
38 



Sequence* 

ArSLYCTTL 
KALKFYSKI 
RFHMIRCRW 
RAHYNIVTr 
VTDFAFRDL 
EYRHYAYSL 
LOmHDII 
PYAVADKXL 
MHOKRTAMF 
HYAYSLyCT 
XXRRCVYOF 
VYAKQQLLR 



Binding Ratio 
CO Standard: 



0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0^0460 
0.0200 
0.0055 
0.0049 
0.0037 
0.0023 
_0>0011 



Motif 
Prediction 



E6 
£6 
£6 
B7 
B6 
B6 
£6 
£fi 
£6 
£6 
£6 
£6 

Bold A' a Vindicate residues in vhirh ~ ^^^^ ' 

«.« ,„„ .^^^^^ ^^^^^^ ^^^^ 
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to L *»» w 



o 
n 



ISJ 



1^ « o S ■ • • o 



o 

(0 




o 
m 

9 



IKI W ^ Kl 
I >J M Ki O 



S I2222MIII 
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< H C* •-i o 
X 9C 7C X X 



3 



lo ^ ^ 



vn «^ «v 



Lj rr ^ 

^ o m o 



W «kj K> 



o 
o 

O 

o 



o 



z 



col 



H 



s: 

> 



z 
o 

CO 



§ 

z 



z 
o 

» 



13*^ 

ii 



I (A 
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•1 
a 



o 
w 

05 



fc* W * r 



ooo * 



o 



-2 — — . 

. ifl . . o o 



M in mi 



z 
a 
n 
» 



lo" 

m 



Ifl o "J 



1 



(q 

CO 



^ *o lO M WC-#*-».i 



222222|§; 



3 
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_UJDipq3Pf„ 



AU I All I 

7 



All 



I 



CTFlAPffgr 




X 

* m 
_t tan I 



i 1 1 

[ uaa t 

ruST 


MCnLVD4£Er 


i ID 1 ^i^na 
1 » t c^oEE 




1 


1 1 m*^"^ 
1 UOD 1 


vuawnwc 
crvuuiuMK 


lift!! 


} 


1 


I Lioo i 
tflm 1 


CVNCaORJ 1 
VTAmCTOK 1 


f 1 1 

• 1 1 







1 t— 1 


1 


1 g 1 


1 


rm< i 






xu 




Xlt 


1 taT 




fix 1 


Xtl 


1 m t 





oou 



on 



_aji 



Kvttomnc 



ii" 

WTVFWOCXgg" 
ttJOOCVtJQK 
LV5g«l4Aa 

cwpcniKi 

CVAJtOSCvg" 

wwaunut 

gTVCAODCAt 
PPVAtlCVtA 



c-€tt| 



JUl 
XXI 
XXI 
XII 
XII 

xn 

XII 
XII 
XII 

xn 
xn 
xn 

XII 
XII 

xn 

XII 

xn 
xn 
xn 
xn 
xn 
xn 

XII 
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104 



At 



I 

All r A24 



l.tOl* I 



C7WVACVIVY 



"toT 



am* 



I so I 1 



cvrvrocsx 



EMAI 



WAI 
EMAI 



SCI I 



« SCI t xn 
I SI4 I xxT 



UD 



imrr t 

IMP I 



AlKCLVMnC 



I » r 

I 10 I 



ONAI 



I 571 < XU 

I 1 



in 
t sa I xn 



0L21 

MBa I 0.flS4 
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Vlnu 



Strvla 



Al 



AX2 



Alt I AJJ 



140US 






1 HOV 






1 i» 


t 1 


2j 


Afl0^7 1 0 1 


1AM 


<i fi^ff a try 




1 HOV 




fOL 


1 1071 1 1 


17J 




1 glf> 




t f 


1 HOV 


Al ] 




1 UB 1 1 


IJ 


OflDB 1 0 










1 HBV 






njsni 1 


OA 


«oon 1 0 








1 f 


i M»V 


Mf 




1 1JC 1 1 


077 


0 


1 0 








1 ^ 


t HiV 


mw 


POL 


t \m 


1 1 


QJO 


^dOOl 1 OflVS 




f nn 
1 mtO 


1 LT¥Q1rt-NLV 


1 f 


) HtV 


1" mw 




\ L2K 


» 1 1 


oon 










1 irvcftmn v 


1 y 


1 HBV 


1 


POL 


1 *» 


1 1 


OOM 








lfltZ7 






1 HBV 






1 LUO) 1 


0017 








1A2D 






1 HBV 








1 1 


0057 








LOlU 






t HBV 


1 mw 




\^ 


1 1 


0054 








toixf 


) Q6AVWKAT 


1 ^ 


1 HBV 


1 , — 








000 










I PI rwf^TWV 


1 ^ 


1 HBV 




POL 




i 1 


MhlM 








1 fnn 




1 ^ 


1 HBV 


mw 


1 POL 


1 lOR 


■r"i 


IWLhiM 








mi< 

ijnu 






HBV 






4W ( 1 








10124 






HBV 1 a^/««« 1 


LM4 1 1 




\mmwmm 




10171 




t • 


HBV 1 mf 1 


UUI 1 








101f 


1 n • nrr A ca i v 
1 0UA7TASALT 


1 W 


I HBV 


1 mt cou 


41f 1 1 


ILl 


0 


0 




IflU 




LiL. 


HBV 


mt 


1 fNV 


UDl . 


4J 


017 


0 




Ihmv 


1 a f fT i i gy 


1 W 


HBV 


ALL- 1 


LOD)! 1 


4a 






1^1 


Fuxxnufl-Y 


nr 


HBV 


1 


1 




IBOl 


u 


0014 


1 oooa 


1 00917 


lis* 


QTICBCLHLT 


Ho- 


HBV 


1 = 


1 POL 




imm 


LI 


OOBA 


OOU 








nn 


HBV 


1 mw 


1 


I'-l 




OiO 




021 


0 


\am 


CTYCnOKLT 


1 10 


HBV 


mw' - 


POL 


1 lOBI 1 1 


057 


OS 


OJI 


OflDI 


IflBU 


oncuanLY 


1 10 


HBV 


1 ^ 


T 


LOV 1 1 


0J7 




0011 




lOM 


KTICBXU1LY 


1 10 


HBV 


mr 


POL 


IQIOI 1 


OM 


OOM 1 OOO 


0 


10941 


KncuoiaY 


1 10 


HBV 


mi 




t LOW 


1 1 


OJO 


au 1 am 


0 




usonrviALY 


1 10 


HBV 


mw 


( SNV 


1 IS 




021 


0014 


1 0 






TTFAOCTSiCY 


1 10 


H«V 1 


mw 


fNV 






030 


0 


0 




liOtf 1 




1 10 


HBV I 


mt 




UDB 




020 


<aiOD 


0 




liB41 1 




1 10 


HBV 1 


mt 


RX 


4«l 1 1 


ai* 


0 


0 




2ASI 1 HSASreCTV 1 10 


HBV I 


•r» 




79 




OiS 


0014 
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0 


xan { 
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« 
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10 
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10 
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10 
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10 t 
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Peptide ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 

Peptides Synthesized 
by C^el For Loading 
Onto Acid Stripped 
Autologous PfiKCs and 
PHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBc 

PAP 

PSA 

PSA 



Sequence 
FLLTRILTI 
FLPSDFFPSV 
GLYSSTVPV 
EAOPTGHSY 
VLVHPQWVL 
FLPSbYFPSV 
ILLWDPIPV 
KLQCVDLVHI 
MLLRLSEPAEL 



20 Table 25 b 

Cell Population 



JY acid stripped 
25 JY acid stripped 
JY control 
JY control 



"^I-Labeled 
Peptide +/- Cold 
Peptide 

- cold peptide 
cold peptide 
-cold peptide 
+ cold peptide 



CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n 
n 
n 
n 



3 
1 
3 
1 
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WHAT TS CIAIMBD Tfii 

1. A composition comprising an immunogenic peptide 
having a HIA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, 1, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, h and F; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 
N-terminus . 

3. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
« third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-terminus . 

5. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of Y; 
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> 



Wherein the first and second c nserved residues are 
Separated by 6 t 7 residues.. 

6. The coBppsition of ciala 5, %rtiereih the first 
conserved residu^ is at the second position froa the 
H-terminus and the second conserved residue is at the ninth or 
tenth position froa the N-teminus. 

7. A coBposition comprising an imainogenic peptide 
having an HIA-Al binding motif, which ifflaunogenic peptide has 
between 9 and about 10 residues and the following residues, 
froa the N-terainus to the C-terainus. 

a first conserved residue of D, E, A, S arid T; and 
a second conserved residue of Y; 

wherein the first and second coMerved residues are 
separated by s to 6 residues. 

8. The composition of daia s, wherein the first 
cons^ed residue is at the third position froa the H-terainus 
and the second conserved residue is at the ninth or tenth 
position froa the M-terainus. 

9. A coaposition comprising an iaaunogenic peptide 
IZ^.^ Tt" P«Pti-e has bet Jen"'''^ 
the Nterainus to the C-terainus: 

«. c. rr.';^'"""'"" " 

a second conserved residue of K, R, h- 
Wherein the first and second conse^ed residues are 
separated by 6 to 7 residues. esiaues are 



10. The coaposition of - claia 9, wherein the first 
conserved residue is at the second position froa thT 
N-terminus. 

^. 

11. A composition comprising an iaaunogenic oentid^ 
having . HI..A24.1 binding aotif, which iaaunogeniTpep'Tde 
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has between about 9 and about 10 residues and the f lloving 
residues, £r n the N- terminus t the C- terminus: 

a first conserved residue of Y, W; and 
a second conserved residue of F, I, L, K; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
N-terminxis • 

13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, L, M, T, and V; 
and a second conserved residue at the C terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HLA-All binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 
N-terminus to the Cterminus: 

a first conserved residue at the second position from 
the N terminus selected from the group consisting of A, I, L, 
M, T and V; and 

a second conserved residue at the c terminal position 
selected from the group consisting of K; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA.A3.2 binding m tif, which immunogenic peptide has 
between ab ut 9 and about lo residues and the following 
residues, from the N-terminus to the Cterminus: 
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a first conserved residue selected fr n the group 
corisliBting pf L, I, A, TV F, C, G, D and E; and 

a second c. ns4£|rved residue of K, R and Y; 
vherein the^first iahd' second conserved are 
5 separated by 6 to 7 residues. 

16. A pharmaceutical conposition comprising a 
phamaceutically acceptable carrier and an immunogenic peptide 
having a HLA«*A1 binding motif, %rtiich immunogenic peptide has 

10 betveen about 9 and about 10 residues and the folloving 
residues, from the H«-terminus to the C- terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, £, A, S and T; 
a third conserved residue of Y; 
15 herein the first and second conserved residues are 

separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 

20 pharmaceutically acceptable carrier and an immunogenic peptide 
having a RLA-Al binding motif, irtxich immunogenic peptide has 
betveen about 9 and about 10 residues and the folloving 
residues, from the N^terminus to the C-terminus: 

a first conserved residue of T, S or M; and 
25 a second conserved residue of Tyr; 

vherein the first and second conserved residues are 
sep2urated by € to 7 residues. 

18. A pharmaceutical composition comprising a 

30 phiunnaceutically acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, vhich peptide has betveen about 
9 and about 10 residues and the folloving residues, from the 
N- 

terminus to the C-terminus: 
35 a first conserved residue of D, E, S, T; and 

^ a second conserved residue of Y; 
vherein the. first and second conserved residues are 
separated by 5 to 6 residues. 
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19. A pharnaceutical coap sition comprising a 
phannaceutically acceptable carrier and an immunogenic peptide 
having a HIA-A24.1 binding motif, which peptide has 

a first conserved residue of Y, F, w; and 

a second conserved residue of P, i, l, W, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



20. A method of identifying an immunogenic peptide 
comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class 1 allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif; 

selecting a sequence in the antigenic protein having 
the binding motif; 

preparing a test peptide of about 8 and about ii 
residues comprising the selected subsequences; 

determining the ability of the test peptide to bind 
to the preselected MHC allele and induce a CTL response 
thereby identifying immunogenic peptides. 
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figure 6 



«VU M/OJZUS 



7/25 



PCr/US93/07421 



"Hter of 940.06 




Inhibitor 



figure 7 



e/2s 



PCr/US93/07421 




figure 8 



9/25 



PCr/US93/07421 




Figure 9 



wo 94/03205 



10/25 



PCr/US93/0742l 




MM peptide 



Figure 10 
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Figure 13 
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Figure 16 . 
CTL INDUCTION 
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Figure 18 
CTL INDUCTION 
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Figure 20 



Cytotoxic Activity of an HU-Al-Restricted CTL Line 
Specific for a MAGE3 Peptide (l(m.07) 
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